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TEMPERATURE - AIR FLOW 
VELOCITY - DISPLACEMENT - FORCE 


with PRECISION 


SANBORN TRANSDUCERS 


You can meet a wide variety of requirements 
from this broad selection of accurate, compact 
Sanborn Transducers. Series 267 and 268 Physio- 
logical Pressure Transducers are designed for 
either differential or single-ended measurements 
in such applications as cardiac catheterization and 
studies of circulatory, respiratory, esophogeal, 
spinal or gastric pressures. Two basic sensitivities 
are available: 1.0 or 0.1mm Hg produces 1 cm. 
chart deflection. Model 270 Bi-Directional Differ- 
ential Gas Pressure Transducer permits measure- 
ments of small pressure changes (1 cm/0.5 mm 
H20) over a wide range with excellent linearity 
and low drift. Pneumotach heads for respiratory 
air flow measurements are available for use with 
the 270. Excellent stability and temperature com- 
pensation also make the Model 270 particularly 


MEDICAL 


suitable for plethysmography applications. 


Model 760-53 Calibrated Temperature Bridge and 
a variety of interchangeable thermistor probes 
are available for use with any Sanborn Carrier 
Preamplifier for accurate recording or monitoring 
of physiological temperatures with full scale sen- 
sitivity of 1°C and 2.5°C. 


In addition, Sanborn offers pneumograph and 
pulse wave attachments, heartsound microphones, 
linear velocity and displacement transducers, and 
transducers for force measurements in myo- 
graphic studies. For complete information con- 
tact your nearest Sanborn Branch Office or 
Service Agency —or write Manager, Research 
Instrument Sales, Medical Division. 
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“IN RESISTANT EDEMA— @ 


(brand of spironolactone with hydrochliorothiazide) 


e restores dry weight e@ ambulates the patient 


When patients require maximal control of edema and ascites, Aldactazide will 
frequently free them from excess fluid when no other drug or combination of drugs 
will do so adequately. 

The two components of Aldactazide—Aldactone®, brand of spironolactone, and 
hydrochlorothiazide—activate diuresis by two different mechanisms in two differ- 
ent sites of the renal tubules. This separate and dual influence increases diuresis 
not merely by additive but by truly synergistic increments. 

Further, by protecting potassium reserves, Aldactazide provides optimal safety 
when therapy must be prolonged. 

With Aldactazide many of your patients can lead more normal lives, in greater 
comfort with less restricted activity, free from the burden of edema and ascites. 


INDICATIONS: 
Edema of congestive heart failure, cirrhotic edema and ascites, 
edema of nephrosis, idiopathic edema. G.D. Ss EAR LE &CO. 
The usual adult dosage of Aldactazide is one tablet four CHICAGO 80, ILLINOIS 
times daily, although dosage may range from one to eight : X 
tablets daily. Research in the Service 
Aldactazide is supplied as compression-coated white of Medicine 


tablets, each tablet containing 75 mg. of Aldactone and 25 mg. 
of hydrochlorothiazide. 
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50 mg. 
Caution Federal ter prob 
without 


WALKER 


HEDULIN is the trademark for the Walker brand of phenindione. 50 mg. scored tablets for therapeutic 


use; 20 mg. scored tablets for prophylactic use. Bottles of 100 and 1,000. For more detailed informa- 


tion and a clinical trial supply of Hedulin, write to Walker Laboratories, Inc., Mount Vernon, N. Y. 
1, Breneman, G. M., and Priest. E. McC.: Am. Heart J. 50:129 (July) 1955. 2, Tandowsky, R. M.: Am. J. Cardiol, 3:551 (April) 1959. 
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prevents anginal pain** 
a r a @ increases exercise tolerance*** 
reduces nitroglycerin requirements*”* 


A potent regulator of amine oxidase, Marplan has demonstrated a high degree of effectiveness in moderately severe to 
intractable angina pectoris. Improvement on Marplan ranged from a reduction in the number of attacks to virtual abolition of 
the anginal state. With Marplan, anginal relief is enhanced by a more confident mental climate — improving the chances of 
success of the entire prophylactic regimen. However, since the precise manner in which Marplan improves the cardiac status 
is as yet undefined, it is imperative that patients be instructed to maintain the same restrictions of activity in force prior to 
Marpian therapy. Consult literature and dosage information, available on request, before prescribing. 


References: 1. W. Hollander and R. W. Wilkins, in J. H. Moyer, Ed., Hypertension, Philadelphia, W. B. Saunders Co., 1959, x| AS ROGHE 


p. 399. 2. R. W. Oblath, paper read at American Therapeutic Society, 60th Annual Meeting, Atlantic City, N. J., June 6, 
1959. 3. N. Bloom, Virginia M. Month., 87:23, 1960. 4. T. Winsor and P. Zarco, Angiology, 11: (Part 2), 67, 1960. 5. G. C. 


LABORATORIES 


Griffith, Clin. Med., 6:1555, 1959. 6. G. C. Griffith, Dis. Nerv. System, 21 (Suppi.), 101, 1960. Division of Hoffmann-La Roche Inc. 
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CONTENTS 
Clinical Studies 
Disappearance Curves of phages Administered I'*-Triolein in the Human 
Subject 1 


LEONARD J. Femmenc, SANDEERO, R. 
AND SAMUEL BELLET 


Intravenously administered J'*!-triolein disappeared from whole blood and circulating 
lipoproteins equally fast in the control group and in patients with myocardial infarction, 
but more slowly in patients with hypothyroidism and primary amyloidosis. These studies 
suggest that the primary defect in myocardial infarction may be intimately linked up with 
absorption of neutral fat. 


Blood Pressure Measurements in Obese Persons. Comparison of Intra-arterial and 
Auscultatory Measurements . 
Kurt Berwiner, HERLEy Fuyjty, Duk Ho Lzz, MUHTAR AND 
BERNARD GARNIER 


Inaccuracies of the indirect method of measuring blood pressure stem from a variety of fac- 

- tors, including arm size. Falsely high blood pressure readings in lean and moderately obese 
persons are not common. In extremely obese persons the indirect method is subject to con- 
siderable error, leading to overestimation of systolic and diastolic pressures. No constant 
correction can be applied. 


Duration of Arterial Sounds ; 
Simon RODBARD AND JAN 


By recording the arterial sounds, quantitative data were obtained and the duration of these 
vibrations with relation to variations in blood pressure, exercise and following tourniquet 
application were recorded. Reactive vasodilation results in marked increase in duration, 
whereas obstruction of blood flow shortens duration of arterial sounds. 


The Normal Vibrocardiogram. Physiologic Variations and Relation to Cardio- 
dynamic Events 
CLARENCE M. AGRESS, Louts G. STANLEY WEGNER, 

Morris WILBURNE, Martin D. SHIOKMAN AND RoBERT M. MULLER 


Relative ease of recording, constant reproducibility and significant correlation with events 
of the cardiac cycle endow vibrocardiography with promising advantages over total body 
ballistocardiography. 


Experimental Studtes 


Effect of the Cardiac Arrhythmias on the Renal and Mesenteric Circulations 
Daviw W. Irvinc AND Eviot CorDAY 


During cardiac arrhythmias circulatory homeostasis of the heart and brain is achieved at 
the expense of the renal and mesenteric blood flow. Arrhythmias of long duration may 
result in renal damage due to ischemia and in “‘mesenteric vascular insufficiency.” 


Contents continued on page 7 
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is indicated | 
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Therapy: 


Lown, B., a 
Boston, Little, 


+ 
“If one digitalis agent were 
to be recommended for us 
es 
“ | adaptability to the many and 
| varied clinical contingencles» | 
ma we believe Digoxin would be 
| the drug of choice.” | 
Brown & Company: 1954, P- 23, pat: 2. 
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Partial Extracorporeal Circulationin Acute Heart Failure . . . . . . . 
Nact M. Bor AND ANDRE P. RIEBEN 


Partial extracorporeal circulation can restore compensation to the canine heart experi- 
mentally thrown into acute heart failure, maintain blood pressure, and overcome shock. 
The application of this technic to human subjects in the near future is forecast. 


New Methods 


High Frequency Phonocardiography . . \ 
Apo A. LuIsaADA AND GIULIANO DI BARTOLO 


The advantages of high frequency phonocardiography (above 300 c.p.s.) in diagnosis and 
investigation are described. Several auscultatory phenomena were better revealed by high 
frequency recordings, including splitting of the first and second heart sounds, the opening 
snap and the murmurs of mitral and aortic insufficiency 


High Speed Phonocardiography. An Approach to the Frequency ears of the 
Vibrations Originating in the Heart . . . 
-ANGELO Canicoi1A, Guipo BERTELLI AND MARIO Lopone 


High speed phonocardiography permits objective and more detailed analysis of the vibra- 
tions of heart sounds and murmurs than conventional recordings. This technic shows that 
the fundamental frequencies of most murmurs (mitral stenosis, ventricular septal defect, 
aortic or pulmonic stenosis) are less than 150 c.p.s., of aortic insufficiency, less than 250 
c.p.s., and of a few musical murmurs, less than 300 to 350 c.p.s. 


Report on Therapy 


Colloidally Suspended Phytonadione in -Induced 


thrombinemia 
MILTON SHOSHKES, Bowne AND 


72 


Ten milligrams of colloidally suspended vitamin K, given intravenously reduced elevated 
prothrombin times toward normal within twenty-four hours, although four of ten patients 
failed to show a return to normal coagulation mechanism. Bleeding episodes were well 
controlled by this therapy. 


Review 


Adams-Stokes Syndrome. A Review and Follow-up Study of Forty-two Cases . . 76 
BENGT W. JOHANSSON 


Based on a review of the literature, and of a series of forty-two patients, clinical data are 
presented concerning the mechanisms, prognosis and treatment of patients with Adams- 
Stokes syndrome. 


Contents continued on page 9 
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trademark 
Brand of piminodine ethanesulfonate 


Analgesic potency as great as morphine 
without drowsiness or hypnosis * 


Alvodine, a new and powerful narcotic analgesic, relieves pain as 
effectively as morphine, yet is much safer because it is free from 
the high incidence and severity of morphine’s side effects. Alvodine 
is effective orally as well as parenterally. Alvodine causes almost 
no sedation, drowsiness or euphoria. Respiratory and circulatory 
depression are rare with customary doses; nausea and vomiting are 
uncommon. Constipation has not been reported. 


Preferred agent for specific situations 


Alvodine is especially well suited for postoperative analgesia be- 
cause it permits most patients to remain alert and at the same time 
free from pain. The risk of postoperative pulmonary hypostasis and 
venous stagnation is decreased because the use of Alvodine allows 
patients to be mobilized sooner. 


Alvodine is ideal for ambulatory and semiambulatory patients who 
are in need of strong analgesia. Patients with cancer remain alert 
and can often carry on their normal daily activities when freed of 
pain by oral doses of Alvodine. 


Dosage: Orally, from 25 to 50 
mg. every four to six hours 

as required. By subcutaneous or 
intramuscular injection, 

from 10 to 20 mg. every four 
hours as required. 


How Supplied: Alvodine tablets, 
50 mg., scored. Alvodine ampuls, 
1 cc., containing 20 mg. per cc. 
Narcotic Blank Required. 
LABORATORIES 


Mi) New York 18, N. Y. 


Write for Alvodine brochure 
containing detailed information 
on clinical experience, 
addiction liability, side effects 
and precautions. 


*In more than 90% of patients. 
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Case Reports 


Primary Pulmonary Hypertension. Effect of Unilateral Pulmonary Artery Occlu- 
BERNARD L. CHARMS 


In a case of primary pulmonary hypertension with increased vascular tone, temporary 
unilateral occlusion of the middle and lower lobes decreased the arteriolar resistance of the 
unoccluded lung. Infusion of acetylcholine profoundly lowered pulmonary artery pressure 
and arteriolar resistance due to a direct action on the pulmonary arterioles. 


Organic and Functional Pulmonary Atresia with Intact VentricularSeptum . . . 100 
VELVA SCHRIRE, GERALD J. SUTIN AND CHRISTIAAN N. BARNARD 


Three cases of organic pulmonary atresia with tricuspid incompetence and right ventricular 
enlargement are described together with one case of functional pulmonary atresia. All 
showed aneurysmal dilatation of the right atrium. Occurring in less than 1 per cent of 
patients with congenital heart disease, this anomaly usually causes death during infancy. 


Coarctation of the Pulmonary Artery and Pulmonary Valvular Stenosis. . . . . 109 
HALL, BENcT W. JOHANssON, HANS Kroox, ARNE MALM, 
Niits-Macnus Oxsson, LArs ANDREN AND HELGE WULFF 


This case of a patient with coarctation of the pulmonary artery and pulmonary valvular 
stenosis who underwent operation successfully, raises interesting questions of etiology. 


Absence of the Pulmonary Valve. Report of Two Cases Associated with Other Con- 
LucrEN CAMPEAU, GHISLAINE NicoLas AERICHIDE 


Two cases of a rare congenital malformation, namely absence of the pulmonary valve, are 
described in detail, including clinical, hemodynamic and autopsy data. 


Rupture of the Aortic Valve Due to Strain a 
Orto M. SpurRNy AND MASAUKI HARA 


Despite a fatal result in this patient, surgical repair of a traumatically ruptured aortic valve is 
recommended to avoid the usual rapidly progressing cardiac failure and death. 


Aberrant Origin of Left Coronary Artery Combined with Mitral Bi cia in an 
AHMED UsMAN, BLANCHE FERNANDEZ, JoserH F. Uriccuto AND 
Henry T. NIcHOLs 


Postmortem examination of a twenty-six year old women who died after surgery for repair 
of mitral insufficiency disclosed an unsuspected aberrant origin of the left coronary artery 
from the pulmonary artery. An interesting discussion enhances this report. 


Contents continued on page 17 
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in coronary artery disease 


with without angina 


Peritrate is basic for both 


because it produces a substantial and sustained 
increase in myocardial blood flow... without sig- 
nificant change in cardiac output, blood pressure, 
or pulse rate 


the patient |with| angina* 


before Peritrate—S-T depression after standard after Peritrate (20 mg., administered 4 hours 
exercise in angina! patient with no history of before exercise test). S-T segment near normal. 


infarction. 


the postcoronary patient |without/ angina* 


before Peritrate—Abnormal ECG response to after Peritrate (20 mg., administered 90 minutes 
standard exercise in postinfarction patient with- before exercise test). S-T segment near normal. 
out angina. 

*Electrocardiograms and case histories on file in the 

Medical Department, Warner-Chilcott Laboratories. 


Full dosage information, available on request, should 
be consulted before initiating therapy. 


basic therapy in coronary artery disease 
—with or without angina re 


Peritrate 


brand of pentaerythritol tetranitrate makers of Tedral Gelusi! Proloid Mandelamine 
Watch your mail for the ECG Interpretation Series or 12 nev 
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Idiopathic Postural Hypotension. Case Report Including 
Measurements before and after Acute Digitalization. . . 
LENORE R. ZOHMAN 
After digitalization, head-up tilting of a seventy-four year old man with postural hypotension 
produced the same fall in cardiac output and stroke volume as before digitalization, but the 


arterial blood pressure did not fall as low. Systemic vascular resistance and left ventricular 
work index were, therefore, higher than before digitalis was administered. 


Sinoatrial Heart Block with Wenckebach Phenomenon. . . 
RicHarD J. GREENWooD, DAvip FINKELSTEIN AND Monuerr 


Four patients with sinoatrial heart block and Wenckebach phenomenon are reported. 
This condition differs from sinus arrhythmia in that the P-P imterval progressively de- 
creases with no succeeding increase but, instead, an abrupt omission of the entire cycle. 


Unusual Cardiac Arrhythmias in Myocardial Infarction. A Case with S-A Block, 
Paroxysmal A-V Nodal Tachycardia with Varying 2:1 and 3:1 Block, 
Dissociation between Pacemakers Situated within the Conducting System 
and Premature Beats in A-V Rhythm and A-V Dissociation . . . . . 147 
L. M. SANGHVI 
This electrocardiographic study of a patient with myocardial infarction reports a combina- 
tion of unusual arrhythmias including S-A block with coronary sinus rhythm, A-V nodal 
tachycardia, escape-capture bigeminy and other interesting disturbances. 


Diagnostic S. helf 


Pulmonic Insufficiency Versus Aortic Insufficiency in a Patient with Mitral 


Stenosis 155 
Apo A. Luisapa AND JAN SZATKOWSKI 
A. very loud rumbling and prolonged diastolic murmur in the second and third left inter- 
spaces is found to result from pulmonic insufficiency in a patient with mitral stenosis. 
Special Departments 
162 


Publisher’s Information on page 33 
Index to Advertisers on page 41 and 42 


Change of address must reach us one month preceding month of issue. 
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acts directly on 

peripheral arterial walls... 
produces gradual, 
sustained vasodilatation 
without disturbing 
hemodynamics 


CYCLOSPASMOL 


CYCLANDELATE 


in peripheral vascular disease 


Cyclospasmol is more effective in the treatment of 
arteriosclerosis obliterans and for the relief of inter- 
mittent claudication than sympatholytic and adren- 
ergic blocking agents, because it acts directly on the 
arterial musculature. 


m does not produce tachycardia, syncope or hypo- 
tension—may be used with safety in most patients 
having cerebral and coronary vascular diseases. 


m dilates the deeper arteries as well as the superficial 
vessels to improve blood flow to the extremities. 


@ orally effective; produces a gradually increasing 
vasodilatation—aids in the healing of trophic leg 
ulcers. 

Dosage: Usual dosage is two tablets (200 mg.) four 
times daily. Dosage range is from one to three tablets, 
q.i.d. Continued therapy and individualized dosage, 
depending upon response, is necessary for maximum 
effectiveness. Supply: 100 mg. tablets, bottles of 100. 


References: 1. Council on Drugs, New and Nonofficial Drugs, 
J.A.M.A. 170:1670; 1959. 2. Leslie, Robert E.: Effects of Cyclan- 
delate (Cyclospasmol®) In Treatment of Circulatory Disturbances, 
Tex. J. Med. 56:352-356, 1960. 3. Popkin, R. J.: Combined 
Vasodilator Therapy in Peripheral Vascular Diseases, J. Am. 
Geriatrics Soc. VIII: 638-643, 1960. 4. Van Wijk, T. W.: Angiology 
4:103, 1953. 5. Gillhespy, R. O.: Brit. M. J. 2:1543, 1957. 6. Gil- 
Ihespy, R. O.: Angiology 7:27, 1956. 


Professional literature and samples available on request 


IVES-CAMERON COMPANY 
New York 16, N. Y. 
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ONLY QUINAGLUTE 


SAMPLES and 
literature —write eee 


Page 821 


WYNN 


PHARMACAL 
CORPORATION 


Lancaster Ave. at 51st St. 
Philadelphia 31, Pa. 


*U.S. Patent 2,895,881 


DURA-TAB 
PROVIDES ORAL 

QUINIDINE 


TOLERATED 


becauseiit is 10 times as 
soluble as the sulfate 


in q. 12 h. dosage each Sustained Medication* dose maintains 
uniformly effective, virtually non-fluctuating blood levels, all 
day, all night. 

in cardiac arrhythmias for maximum quinidine efficacy, toler- 
ance, convenience!5— specify Quinaglute Dura-Tab S.M. 
Bottles of 30, 100 and 250. 


1. Bellet, S., Finkelstein, D., and Gilmore, H.: A.M.A. Archives Int. 
Med. 100:750, 1957. 2. Bellet, S.: Amer. Heart J, 56:479, 1958. 
3. Bellet, S.: Amer. J. Cardiology 4:268, 1959. 4. Finkelstein, D.: 
Penn. Med. J. 61:1216, 1958. 5. DiPalma, J. R.: Progress in Cardio- 
vascular Dis, 2:343, 1960. also available: INJECTABLE QUINAGLUTE 
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Hygroton 


bran chiorthalidone 


in hypertension and edema, 
longer in action 
smoother in effect 


Longer action! provides smooth, evenly-sustained therapeutic effect? m Potent 
antihypertensive properties facilitate effective treatment of hypertension, frequently 
without auxiliary agents.? m Safeguards against significant potassium loss.’ m Inten- 
sity of saluretic action enables liberalization of dietary salt restriction.? m Simplified 
dosage schedule affords economy of maintenance on just 3 doses per week. 


References: 1. Ford, R. V.: Current Therap. Research 2:347, 1960. 2. Fuchs, M., and others: Current Therap. Research 

2:11, 1960. 3. Ford, R. V.: Connecticut Med. 24:704-707, (Nov.) 1960. 4. Ford, R. V.: Texas State J. Med. 56:343, 1960. 

Detailed literature available on request. 

Hygroton®, brand of chlorthalidone, is available as white, single-scored tablets of 100 mg. Gei 
HY573-61 


Geigy Pharmaceuticals, Division of Geigy Chemical Corporation, Ardsley, New York igy 
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IMMUNOCRIT® tubes, pictured here 4 times actual size, show 
results of centrifuging patients’ serums with Beta-L TEsT 
antiserum. Longest columns of precipitate indicate high beta- 
lipoprotein levels. 


15 


NEW... 


A SPECIFIC 
SIMPLE 
INEXPENSIVE 
TEST FOR 
ESTIMATING SERUM 


BETA-LIPOPROTEIN 


LEVELS 


BETA-L TEST 


The growing evidence implicating beta-lipo- 
protein as one of the agents responsible for 
atherosclerosis has emphasized the need for a 
test procedure which is reliable, yet simple 
enough to be suited to clinical purposes.! 
Hyland Beta-L TEst answers this need. 
Beta-L TEstT results show a close correlation 
with complex quantitative methods now in 
use, yet BETA-L TEsT can be performed in ten 
minutes on one drop of serum and employs a 
minimum of laboratory equipment and tech- 
nical skill.* 

The resulting economy and simplicity provide 
you with a reliable routine screening test and 
make frequent serial determinations of beta- 
lipoprotein practical for the first time. 


When ordering your next beta-lipoprotein 
determinations, specify Hyland Beta-L TEstT. 
Materials for BETA-L Test are now available 
to your laboratory in 60-test kits. 

1. Wood, F. C., Gurin, S., and Kuo, P. T.: Medical 


Correlation Clinic on Atherosclerosis and Coronary 
isease, Am. Pract.—Dig. Treat. 12: 235 


(April) 1961. 
2. Heiskell, C. L., Fisk, R.T., Florsheim, W. H., ae. 
Goodman, J. R., and Carpenter, C. M.: A Sim- 


A, 

ple Method for Quantitation of Serum betel 

egg by Means of the immunocrit, Amer. J. Clin 
ath. 35: 222 (March) 1961. 


HYLAND LABORATORIES 


4501 Colorado Blvd., 
Los Angeles 39, California 
Branch Office: 160 Lockwood Ave., Yonkers, N.Y. 
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Clinically Proven 


in more than 750 published clinical studies 
and over six years of clinical use 


Outstandingly Safe 
and Effective 


for the tense and 
nervous patient 


reses dosage schedule relieves anxiety 
dependably — without the unknown 
dangers of ‘‘new and different” drugs 


ae not produce ataxia, stimulate the 
appetite or alter sexual function 


hg cumulative effects in long-term 
therapy 


4 not produce depression, 
Parkinson-like symptoms, jaundice 
or agranulocytosis 


5 does not muddle the mind or affect 
normal behavior 


Usual dosage: One or two 400 mg. tablets t.i.d. 
Supplied: 400 mg. scored tablets, 200 mg. sugar-coated 


tablets; bottles of 50. Also as MEPROTABS*—400 mg. s 
unmarked, coated tablets; and in sustained-release 
capsules as MEPROSPAN®-400 and MEPROSPAN®-200 ilt 
(containing respectively 400 mg. and 200 mg. meprobamate). ei 


*TRADE-MARK meprobamate (Wallace) 


(ff) WALLACE LABORATORIES / Cranbury, N. J. 


M-4731 
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Now Available 
Symposium on new methods of 
diagnosis and management of 3 
Peptic 
eptic Ulcer 
4 
Here is an outline of the contents: 
. . . Formation of Hydrochloric Acid by the Stomach. The Current 
Status; C. Aprian M. Hocsen . . . Vagal and Antral Mechanisms in y 
: Gastric Secretion; E. R. Woopwarp and Lioyp M. Nyuus .. . Influ- - 
4 ence of the Liver upon Gastric Secretion; James S. CLARKE . . . The 5 
Pathologic Physiology of Peptic Ulcer; Morton I. GrossMan . . . a 
. Geographical and Environmental Aspects of Peptic Ulcer; Jacx D. i 


WELsH and Stewart Wo tr .. . Endocrine Tumors and Peptic Ulcer; 
RoserT M. ZOLLINGER and Tuomas V. Craic . . . Peptic Ulcer in Pri- 
mary Hyperparathyroidism; J. DonaLp Ostrow, GERALD BLANSHARD 
and Seymour J. Gray . . . Ulcerogenic Drugs and Technics. Experi- 
mental and Clinical; Harry L. Secar . . . Treatment of Peptic Ulcer. 


Current Concepts; JosepH B. KirsNer and WaLTER L. PALMER. 


It 


A limited edition of the Symposium on Peptic Ulcer is available at | Ps 
$3.00 per copy. Order now. | 


THE AMERICAN JOURNAL OF MEDICINE 
466 Lexington Avenue New York 17, New York 
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CARDIOVASCULAR PATIENT. 


4 


yes 


part of general office practice. 


with 
demonstrates: 
anticoagulation 
office 
outpatients 
practical and effective 


A 5-year study? of long-term anticoagulation with COUMADIN (warfarin sodium) in 
office practice patients has demonstrated that such treatment reduces the prob- 
ability of further infarctions in the postinfarct patient and is effective in preventing 
a first infarction in patients with angina. 


An earlier report? noted that long-term anticoagulant therapy with warfarin sodium 
can be carried out, along with the necessary prothrombin time determinations, as 


“The most significant advantage is the great ease in maintaining patients in a 
therapeutic range. It has been rewarding to find, month after month, patients 
varying no more than three or four seconds in their prothrombin times on their 
established desage of Warfarin sodium [COUMADIN ].”2 


FOR ORAL, INTRAVENOUS OR INTRAMUSCULAR USE 


the proven anticoagulant 


Full range of oral and parenteral dosage forms—Coumapin* 
(warfarin sodium) is available as: Scored tablets —2 mg., 
lavender; 5 mg., peach; 714 mg., yellow; 10 mg., white; 
25 mg., red. Single Injection Units — one vial, 50 mg., and 
one 2 cc. ampul Water for Injection; one vial, 75 mg., and 
one 3 cc. ampul Water for injection. 


® the original and only warfarin responsible for establish- 


ing this drug as closely approaching the ideal anti- 
coagulant** and as “‘the best anticoagulant available 
today.’’5 Over 179,000,000 doses administered to date. 


for long-term maintenance 


Average Dose: Initial, 40-60 mg. For elderly and/or debili- 
tated patients, 20-30 mg. Maintenance, 5-10 mg. daily, or 
as indicated by prothrombin time determinations. 

1. Nora, J. J.: M. Times, May, 1961. 2. Nora, J. J.: J.A.M.A. 174:118, Sept. 10, 
1960. 3. Baer, S., et al.: J.A.M.A. 167:704, June 7, 1958. 4. Moser, K. M.: Dis- 


ease-a-Month, Chicago, Yr. Bk. Pub., Mar., 1960, p. 13. 5. Meyer, O. O.: 
Postgrad. Med. 24:110, Aug., 1958. 


“Manufactured under license from the Wi in Alumai R h Foundation 


Complete Information and Reprints on Request ENDO LABORATORIES Richmond Hill 18, New York 
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DRAMATIC 


physical and emotional 
relief in 


ANGINA 
PECTORIS 


‘round-the-clock 
protection against 
both pain and fear 


OVAS 


COROVAS is a nontoxic, uniform- 
acting, long-acting vasodilator to control 


or prevent attacks of angina pectoris. One 
COROVAS Tymcap upon arising provides 
up to 12 hours of continuous coronary 
vasodilation, and another COROVAS 
Tymcap before the evening meal affords 
maximum protection against seizures all 
night. COROVAS alleviates the associated 
fear of pain. Reduces the need for emer- 
gency nitroglycerin. Safe and effective for 
long-term therapy. 


SUPPLIED — Boxes of 60 and 120. 


PROLONGED, SUSTAINED ACTION OF VASODILATING PENTAERYTHRITOL TETRANITRATE 
{PETN) 30 MG., AND SEDATIVE SECOBARBITURIC ACID 50 MG. IN EACH COROVAS TYMCAP. 
As with all nitrates, use with caution in glaucoma. 


AMFRE GRANT, INC. 


Brooklyn 26, N. Y. 
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Complete, 
easy-to-operate 
blood flowmeter 

system 


In its single, compact housing, the Series 6000 system provides: 
e Direct-metering of mean blood flow 

e Direct digital presentation of cumulative volume flow 

® Outlets for simultaneous recording of phasic and integrated flows 


The Metreflo system reduces measurement of flows to terms of 
utmost simplicity. It is precalibrated. It reads directly in cc’s per 
minute. And it zeroes electrically, with correct dial settings indicated 
on companion Metreflo 6000 probes. 


The system’s exceptionally high frequency response and high signal- 
to-noise ratio puts all presently known harmonics of phasic blood 
flow within easy reach, and enables it to indicate flow near the 
heart free of interference from the ECG. 


Non-Cannulating 
Probes 


Modern, 
Rack-Mount 
Design 


METREFLO SERIES 6000 


Small, epoxy-molded Intracorporeal Probes supplied with the sys- 
tem track the pulsing of blood by electromagnetic means. They 
eliminate cannulation of blood vessels. Ring-like lumens that fit 
around vessels offer no obstruction to the free flow of blood. 


Probes are autoclavable, interchangeable, and plug into replace- 
ment cables. They range in standard lumen diameters from 1 to 
20 mm, in steps of 1 mm. 


Extracorporeal Probes with standard bore diameters of 4%”, %4”, 
¥%” and 2” are also available. These probes are designed for use 
with heart-lung devices during cardiopulmonary bypass. 


The system’s standard, rack-mounting 19” chassis, standing only 
5” high is built for stacking. Plug-in sub-chassis remove instantly 
for quick replacement or convenient servicing. 


For further information on the Metreflo System Series 6000, write 


Avionics Research Products Corporation 
4254 Glencoe Avenue, Venice 1, California 
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life normal again for the 


Often the only therapy needed to control blood pressure and relieve 
symptoms... potentiates other antihypertensives when used adjunctively 
...minimal side effects... economically priced. 
For complete details, consult latest Schering literature available from your Schering Rep- 
resentative or Medical Services Department, Schering Corporation, Bloomfield, N.J. —_s-ase 
trichlormethiazide 


she wakes 
refreshed 


morning dose controls 
blood pressure all day z 


her food tastes better 
(thanks to salt liberalization) 


“cardiac fears” allayed 


edema relieved (zest for life returns) 


(shopping easier) 
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AQUEOUS COLLOIDAL SOLUTION 


i 'a clear, stable, aqueous colloidal solution for administration 
-intramuscularly intravenously - subcutaneously 


: a dosage form for every Vitamin K indication: 

- AquaMEPHYTON (for intramuscular, intravenous, subcutaneous 

4 administration), 1-cc. ampuls containing 10 mg. MEPHYTON, Vitamin K, 
: TABLETS MEPHYTON (for oral administration), 5 mg. 

e EMULSION MEPHYTON (for intravenous administration only), 

a | l-cc. ampuls containing 10 mg. and 50 mg. per cc. 
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OF MEPHYTON®, VITAMIN K; 


Vitamin K; ‘has a more prompt, more 
potent and more prolonged effect than 
the vitamin K analogues” * 


*Council on Drugs: New and Nonofficial Drugs, 
Philadelphia, J. B. Lippincott Co., 1960, p. 732 


reduces the hazard of hemorrhage 
due to hypoprothrombinemia in: 


* prophylaxis and therapy of hemorrhagic disease of the newborn 

* surgery, preoperatively and postoperatively 

* anticoagulant-induced prothrombin deficiency 

* inadequate absorption of Vitamin K 

+ biliary tract disease 

* prothrombin-depressing drugs such as salicylates and phenylbutazone 
* inadequate endogenous production of Vitamin K 


For additional information, write Professional Services, 
Merck Sharp & Dohme, West Point, Pa. 


MERCK SHARP & DOHME 
DIVISION OF MERCK & CO., INc., WEST POINT, PA. 


AquaMEPHYTON AND MEPHYTON ARE TRADEMARKS OF MERCK & CO., Ine. 
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NOW! READ AN ELECTROCARDIOGRAM™M 
While it is being taken 3000 MILES AWAY 


The NEW Birther PH ONATRACE 


TRADEMARK 


It’s as if the cables of your electrocardiograph could be stretched to any 
length. Now, a cardiologist can begin diagnosis immediately, no matter what 
the distance between him and the patient, thanks to a remarkable new device 
rong produces an accurate duplicate tracing — across the hall, the city or 
the nation. 


It’s no longer necessary to mail an electrocardiogram and then wait for a 
consultant to receive it. You can consult with him by telephone while you 
both watch the same electrocardiogram being taken. A PHONATRACE saves 
valuable time; makes consultation and diagnosis faster and easier. 


The New Birtcher PHONATRACE works equally well with either the full size 
Model 300-R electrocardiograph or the compact Model 335. Write for 
descriptives. 


Available on the exclusive Birtcher Lease Plan 


THE BIRTCHER CORPORATION 


B 4371 Valley Bivd., Los Angeles 32, California 
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essential 
partners 


in the 
control 


of edema 


classic 


MERCUHYDRIN 


nonmercurial 


METAHYDRIN 


brand of trichlormethiazide 


Now...the alternate or combined use of these two drugs 

can help the physician meet with maximum efficiency 

the demands of diuretic therapy in almost any phase or degree 
of cardiac edema—acute or chronic. 


SEND FOR METAHYDRIN BROCHURE 


SUPPLIED 

METAHYDRIN— Tablets of 2 mg. and 4 mg. in bottles of 100 and 1000. 

MERCUHYDRIN—1 cc. and 2 cc. ampuls in boxes of 12, 25 and 100, 
and 10 cc. rubber coupes, multiple "dose vials in LAKESIDE 
boxes of 6, 25 and 100. 


Needs no refrigeration. 
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Protects the angina patient 
better than vasodilators alone 


Unless the coronary patient’s ever-present 
anxiety about his condition can be 
controlled, it can easily induce an 
anginal attack or, in cases of myocardial 
infarction, can delay recovery. 


This is why Miltrate gives better 
protection for the heart than vasodilators 
alone in coronary insufficiency, angina 
pectoris and postmyocardial infarction. 


Miltrate contains PETN (pentaerythritol 
tetranitrate), acknowledged as basic 
therapy for long-acting vasodilation. .. . 


REFERENCES: 1. Ellis, L. B. et al.: Circulation 17:945, May 1958. 


®. Friedlander, H. S.: Am. J. Cardiol. 1:395, Mar. 1958. 8. Riseman, 
J.E.F.: New England J. Med. 261:1017, Nov. 12, 1959. 4. Russek, H. I. 
et al.: Circulation 12:169, Aug. 1955. &. Russek, H. I.: Am. J. Cardiol. 
3:547, April 1959. @. Tortora, A. R.: Delaware M. J. 30:298, Oct. 1958. 
7. Waldman, S. and Pelner, L.: Am. Pract. & Digest Treat. 8:1075, 
July 1957. 


Supplied: Bottles of 50 tablets. Each tablet contains 200 mg. 
Miltown and 10 mg. pentaerythritol tetranitrate. 


Dosage: | or 2 tablets q.i.d. before meals and at bedtime, 
according to individual requirements. CML-3619 


What is more important—Miltrate provides 
Miltown, a tranquilizer which, unlike 
phenobarbital, relieves tension in the 
apprehensive angina patient without 
inducing daytime fogginess. 

Thus, your patient’s cardiac reserve is 
protected against his fear and concern 
about his condition; his operative arteries 
are dilated to enhance myocardial blood 
supply—and he can carry on normal 
activities more effectively since his mental 
acuity is unimpaired by barbiturates. 


Miltrate 


Miltown® (meprobamate) + PETN 


(WALLACE LABORATORIES / Cranbury, N. J. 
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“First in the hearts” 
of cardiac patients 


A.C.M._I. was the first to introduce nylon woven 
catheters in the United States — originally for 
ureteral use — later for cardiac catheterization. 


A.C.M.I1.’s nylon woven cardiac catheters are 
preferred for smoothness combined with flexibility. 
Lengths: 30 cm. to 150 cm. Thin-walled, radiopaque. 


: : A.C.M.I.’s polyethylene cardiac catheters provide 
af a smoother and larger lumen for collection of 
blood samples and the rapid injection of contrast 

media. Other types too are under development. 


A triumph of technical skill — all A.C.M.L cardiac 
catheters have earned the confidence of the medical 
profession through their consistently superior quality. 


Nylon woven 
cardiac catheters 


FREDERICK J. WALLACE, President 


American (ystoscope Makers, Inc. 


8 PELHAM PARKWAY, PELHAM MANOR, N. Y. 


* 


Be 
4 
yl 
J 
H i + 
\ 
f 
t 


| 
= 
| 
— . 
| 
: 


New 
diuretic-tranquilizer 


for 


congestive 
failure 


* Controls edema 


* Relieves anxiety 


Miluretic combines hydrochlorothiazide 
and Miltown in a single tablet, 

making treatment simpler for you and 
more economical for your patient. 


Miluretic’s hydrochlorothiazide 
component provides smooth, continuous 
diuresis to control edema, while its 
Miltown component relieves the anxiety 
associated with congestive failure — 
with an outstanding degree of safety. 


Economy 4 prescription for Miluretic 
is more than 20% cheaper than its two 
ingredients prescribed separately. 


Composition: 25 mg. hydrochlorothiazide 

+ 200 mg. Miltown (meprobamate). 

Dosage: For congestive failure, 2 tablets four 
times a day. For hypertension, 1 tablet 

four times a day. 

Supplied: Bottles of 50 white, scored tablets. 


HYDROCHLOROTHIAZIDE + MILTOWN® 


(WY WALLACE LABORATORIES / Cranbury, N. J.. 
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= to improve 
cardiac 
function 


permits 
accurate dosage titration 


Since initial digitalization and maintenance 
dosage must be carefully individualized, 
Crystodigin fulfills the important require- 
ments of a preferred digitalis. Crystodigin 
is a crystalline-pure, uniformly potent single 
glycoside that is completely absorbed in the . 
gastro-intestinal tract. With Crystodigin, 
the maximum therapeutic effect can be 
readily obtained by dosage titration in in- 
crements as small as 0.025 mg. 

Available in scored tablets of 0.05 mg. 
(orange), 0.1 mg. (pink), 0.15 mg. (yellow), 
and 0.2 mg. (white); and in 1-cc. and 10-cc. 
ampoules, 0.2 mg. per cc. 

Crystodigin® (crystalline digitoxin, Lilly) 
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Clinical Studies 


Disappearance Curves of Intravenously 
Administered I'*'-Triolein in the 
Human Subject’ 


LEONARD J. FEINBERG, PH.D., HERSCHZL SANDBERG, M.D., Epwarp R. DicksTEIN, M.D. and 
SAMUEL BESLLET, M.D., F.A.C.C. 


Philadelphia, Pennsylvania 


ee gers triglycerides have been extensively 
used to investigate neutral fat metabolism 
in pathologic states since 1949 when Thann- 
hauser and Stanley!” fed I'*!-labeled olive oil to 
patients and measured the appearance and dis- 
appearance of the radioactivity in the blood. 
During the past decade this method has been 
utilized to demonstrate malabsorptive states 
secondary to chronic pancreatitis, sprue, car- 
cinoma of the pancreas and extensive bowel sur- 
gery. These states are characterized by low 
levels of radioactivity in the whole blood and its 
circulating lipoprotein fraction, after ingestion of 
a test meal.*~* Hyperlipemic states have also 
been investigated by this technic.‘:7 Recent 
studies’—* from this and other laboratories have 
shown that patients with coronary artery disease 
have abnormal oral triolein tolerance curves. 
Following the ingestion of a test meal containing 
I'*\_triolein, the radioactivity of the whole blood, 
the circulating lipoprotein fraction and the per- 
centage of the whole blood radioactivity present 
as lipoprotein have been found to be consider- 
ably higher than those of normal controls. This 
elevation persists for at least twenty-four hours.’ 
In a more recent study of another population 


prone to the early development of athero- 
sclerotic complications, patients with diabetes 
mellitus, similar abnormal I"*!-triolein tolerance 
curves were obtained, even in subjects who 
showed no clinically demonstrable signs of ath- 
erosclerotic complications.'® Since these curves 
are the resultant of “‘possible pathologic varia- 
tions of a poorly understood physiologic process” 
in which absorption as well as metabolic trans- 
port and oxidation play important roles,” 
it was decided to attempt to localize further this 
abnormality in lipid metabolism, bypassing the 
absorptive phase entirely by means of intra- 
venous administration of I'*-triolein. The 
curves resulting from such a procedure are the 
subject of this report. 


MATERIAL AND METHODS 


Patient Population: The patient population con- 
sisted of eighteen subjects from the medical wards of 
the Philadelphia General Hospital. Nine of these 
had no known lipid abnormality. Five had proven 
myocardial infarction by both clinical history and 
electrocardiogram. Three patients had signs of ad- 
vanced hypothyroidism and one was found at autospy 
to have primary amyloidosis of the heart. A detailed 


* From the Division of Cardiology, Philadelphia General Hospital, Philadelphia, Pennsylvania, and the Robinette 


Foundation of the University of Pennsylvania. 
Grant H4153 (National Heart Institute). 


This work was supported by the United States Public Health Service, 
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Feinberg et al. 
TABLE I 
Intravenous I'!*!-Triolein Whole Blood and TCA* Disappearance Curves 
Whole Blood Activity (min.) TCA Activity (min. ) 
Age (yt-)) Time of 
Case! “and eight Diagnosis a ae Duration of Time of Dura- | Duration of 
No. Sex (Ib. ) Mini rae ai Elevation First tion Elevation 
Above First | Minimum of Above First 
Activity Minimum Activity Rise Minimum 
A. Control Group 
1 24, F 105 | Chronic pancre- | 15 20-60 20-180 20 30-40 30-80 
atitis 
2 23, F 98 | Hepatitis 15 20-60 20-180 20 30-40 30-60 
3 39,M | 141 Peptic ulcer 60 80T 80t 100 120 120-180 
120f 120f 
4 40,M | 120 | Pulmonary 12.5 15-80 15-120 12.5 15 15 
tuberculosis 
5 38, M 115 | Pulmonary 15 20—40+ 20-180 120 137 137 
tuberculosis 100f 
6 35, F 130 | Pulmonary 20 30+ 30-60 120 140 140 
tuberculosis 140f 
7 31,M | 174 | Pulmonary 20 30 30—40 None None None 
tuberculosis 
8 36, F 139 | Mitral stenosis 17 30-60 30-150 30 60 60 
cerebral 
embolus 
9 78, F 21 15-60 15-180 120 150 150 
B. Myocardial Infarction Group 
10 61, F 145 Myocardial 15 24-60 24-180 24 30 30-40 
infarction 
11 55,M 192 | Myocardial 15 20-32 20-180 20 32 32-40 
infarction 
12 75,M 122 Myocardial 15 20-60 20-180 20 30-40 30-60 
infarction 
13 67,M | 200 | Myocardial 20 30—40 30-180 30 30 30 
infarction 
14 40,M 182 Myocardial 15 20-60 20-90 None None None 
infarction 
C. Myxedema Group 
15 67,M 194 | Myxedema 30 60T 60t 10 12 12° 
120t 120t 
16 75, F 120 | Myxedema 30 40-80 0-160 30 40 40 
17 48,M 147 Myxedema 20 30 30 80 100 100 
D. Primary Amyloidosis 
18 64,M 140 Primary amyloi- | None | None None 180 240 240 
dosis of heart 


* Lipoprotein fraction precipitated by 20 per cent trichloroacetic acid. 


t Period of rise following second minimum. 


+ Period of rise following first minimum. 
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I'3!-Triolein Disappearance Curves 3 


INJECTED DOSE 


200 


100 
60 — 
40 -- WHOLE BLOOD 
4 
20 —- 
10 ° 
8— 
6 + TCR PPT 
— 
O 20 60 100 140 180 24 
Minutes Hrs. 
Fic. 1. Case 1. Disappearance of radioactivity from the whole blood (broken 


_ line) and its circulating lipoprotein fraction (solid line) in a normal control sub- 
ject who had received 75 uc. of I*!-triolein intravenously. The ordinate ex- 
presses the radioactivity as per cent of injected dose (estimating the blood 
volume as 7.7 per cent of body weight). The abscissa shows the time in minutes 
after injection of the radioactive material. 


description of age and weight distribution is presented 
in Table 1. 

Preparation of Emulsion for Intravenous Administration: 
I5!triolein was prepared for intravenous administra- 
tion in the following manner: 50 to 100 we. of I'*!-tri- 
olein were added to one volume of an anhydrous lipid 
emulsion “pre-mix” as described by McCandless and 
Zilversmit,” and mixed in a Vertis homogenizer for 
four minutes at 23,000 r.p.m. The mixture obtained 
was diluted with 9 volumes of a 5 per cent dextrose 
solution and re-emulsified. The preparation was 
sterilized by pressure filtration through a Millipore* 
filter and re-emulsified under aseptic conditions just 
prior to injection. Emulsions prepared in this man- 
ner were tested for sterility. No bacterial growth oc- 
curred in ten days. Samples were also examined 


* Millipore Filter Corp., Bedford, Massachusetts. 


jury 1961 


microscopically for particle size. The average par- 
ticle size was below the limit of the light microscope 
and all particles were less than 4 4. As a further pre- 
caution, the first studies with this emulsion were made 
on patients in the terminal stages of their disease, with 
a life expectancy of a few weeks. No adverse reac- 
tions were noted. 

Test Procedure: A Cournand needle was inserted 
into the anticubital vein of the patient. Into the an- 
ticubital vein of the contralateral arm, approximately 
5 gm. of the prepared mixture containing about 75 
uc. of I*-triolein were rapidly injected. ‘Timing was 
started at the midpoint of the injection and samples 
were drawn into heparinized tubes at the following in- 
tervals: Every minute for the first ten minutes, then 
at twelve, fifteen, twenty, thirty and forty minutes. 
Thereafter, samples were drawn at twenty minute in- 
tervals until 180 minutes after injection. A twenty- 
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4 Feinberg et al. 
TCA/WB 
| o——@ CONTROL 
100 O--—-—O ATHEROSCLEROSIS 
MYXEDEMA 
60 
40 — 
20 — 


O 20 60 100 


140 180 Minutes 


Fic. 2. Change in the ratio of lipoprotein I'*' to whole blood I’ (TCA/WB) with time 
following the intravenous administration of I*!-triolein to the following subjects: (A) nor- 
mal contro] subjects (mean); (B) patients with recent myocardial infarction (mean); 
(C) myxedematous subjects (mean); and (D) a patient found at autopsy to have primary 


amyloidosis of the heart (Case 18). 


four hour sample was also drawn. Two milliliter 
aliquots of these samples were pipetted in duplicate. 
One of these (WB) was counted directly for radioac- 
tivity in a well-type scintillation counter; the other 
aliquot was precipitated with 20 per cent trichloro- 
acetic acid (TCA) after addition of carrier iodide. 
The precipitate was washed twice with 5 per cent 
TCA and analyzed for radioactivity in a manner 
previously described.’ The radioactivity of the sam- 
ples is expressed as per cent of administered dose based 
on an estimated blood volume, in the whole blood and 
circulating lipoprotein (TCA precipitable) fraction. 
The patients were observed clinically during the next 
few days for evidence of fever, pain in the back, or 
other evidence of ‘“‘colloid reactions” to the intrave- 
nous fat injection. 

Curves of the log of the whole blood activity (WB), 
circulating lipoprotein activity (TCA), and the frac- 
tion of whole blood activity present as circulating lipo- 
protein (TCA/WB) were plotted against time. From 
these the time for a given amount of radioactivity to 
fall to half its original level (T!/2) was estimated. 


RESULTS 


CONTROL GROUP 


Disappearance of Radioactivity from the Whole 
Blood: The disappearance of the radioactivity 


from the whole blood and its circulating lipopro- 
tein fraction is shown in Figure 1 and Table 1. 
The whole blood (WB) radioactivity curve is 
complex, consisting of a rapid initial disappear- 
ance phase during the first five minutes with a 
T!/, of two to four and a half minutes, a slower 
rate of fall during the next five to seven minutes, 
reaching a minimum at about fifteen minutes. 
It then rises again for a variable interval until 
sixty minutes after injection of the isotope and 
then slowly falls again. Usually the activity 
remains higher than the first minimum for two 
to three hours. 

Disappearance of Circulating Lipoprotein Radio- 
activity from the Blood: ‘The circulating lipopro- 
tein curve (Fig. 1) parallels the whole blood ac- 
tivity curve for the first five to seven minutes, but 
then falls at a more rapid rate than the whole 
blood radioactivity. It usually does not start to 
rise until thirty minutes or later and the rise lasts 
for a shorter interval than the whole blood radio- 
activity. It rarely remains higher than the first 
minimum for more than twenty minutes. 

Curve of TCA/WB: Curves of the fraction of 
the whole blood present as circulating lipopro- 
tein are shown in Figure 2. It can be seen that 
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Fic. 3. Case 11. Typical curve of the disappearance of radioactivity from 


the whole blood (broken line) and 


its circulating lipoprotein fraction (solid 


line) in a patient with acute myocardial infarction. 


this ratio drops very slowly during the first five 
to six minutes. During the next fifteen minutes 
it falls very rapidly until twenty minutes after in- 
jection of the isotope when the ratio steadily 
diminishes, but at a slower rate, until the first 
hour and begins to level off about two hours 
after injection of the isotope (Table m). 


MYOCARDIAL INFARCTION 


The disappearance curves obtained in the pa- 
tients with myocardial infarction (Fig. 3 and 
Table 1) did not differ significantly from those of 
the control group. 


MYXEDEMA 


In the patients with myxedema the curves dif- 
fer from those just described. In the whole 
blood and TCA fractions the peak levels are not 
reached until two to three minutes after injection 
of the isotope and they disappear from the blood 
stream at a much slower rate (Fig. 4). In the 
curve TCA/WB (Fig. 2) the fraction of whole 
blood radioactivity bound to protein disappears 
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much more slowly during the sixth to twentieth 
minute interval, remaining well over 60 per cent 
of the total radioactivity during this period 
(Table m). 


AMYLOIDOSIS 


In one patient, found to have primary 
amyloidosis of the heart at autopsy, a delay in 
clearance of the radioactivity similar to that seen 
in myxedema, particularly the fraction bound to 
protein, was noted (Table 1). 


COMMENTS 


Difficulties Attending the Intravenous Use of Radio- 
actively Labeled Fat Emulsions: At the present 
time there is no commercially available radio- 
actively labeled triglyceride emulsion suitable 
for intravenous use in human beings.* The non- 
radioactive preparations commercially available 

* Since this work was completed, Abbott Laboratories 
has recently made available (for investigative use) a prep- 
aration of I'*!-labeled triolein suitable for intravenous 


administration. Studies are now in progress to deter- 
mine its efficacy. 
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Fic. 4. Case 15. Disappearance of radioactivity from the whole blood and 
its circulating lipoprotein fraction in a myxedematous subject who had re- 


ceived I'*!-triolein intravenously. 


are not infrequently attended by pyrogenic, 
vasomotor and allergic reactions as well as other 
problems associated with the introduction of 
colloidal material into the blood stream.” The 
stability of these preparations is important clini- 
cally since hydrolytic products have been proven 
capable of hemolyzing the red cells of the subject 
into whom they are injected. The particle size 
also plays an important role because the larger 
particles are removed by the reticuloendothelial 
system of the lungs and liver at a more rapid 
rate than the remainder of the mixture and will 
not be metabolized by the same enzyme systems 
as the study material. The radioactivity intro- 
duced must be homogeneous with the carrier 
material and sterility must be maintained with- 
out hydrolyzing the radioactive substance intro- 
duced or its carrier vehicle. Until recent times 
such emulsions had to be prepared by tedious 
grinding in a ball-mill apparatus or by recycling 
the ingredients in a Hydropulse. dairy-type 
homogenizer. Owing to the pioneer efforts of 
Zilversmit and his co-workers,'® anhydrous pre- 
mixes have become available that are capable of 
forming fine lipid emulsions upon dilution 
with an aqueous solution. 


To assure that the radioactive triolein formed 
an integral part of the mixture rather than just 
floating as globules of oil on the surface, the in- 
troduced radioactive material was first homoge- 
nized with the anhydrous “‘pre-mix,” using a 
high speed rotor in a manner similar to that de- 
scribed by Weinman, Chaikoff et al.1®° The 
mixture thus formed was diluted with 5 per cent 
dextrose in water and re-emulsified again. 
Sterility was obtained by pressure filtration 
through fine pore Millipore filters. Stability 
was controlled by using the material within one 
hour after preparation. The incidence of ad- 
verse reactions was low. Pain in the back de- 
veloped in one patient but subsided without 
necessity of interrupting the study; three pa- 
tients had transient episodes of dizziness. 

Significance of I*'-Triolein Disappearance Curves: 
From the curves presented in Figures 1, 3 and 4 
it is readily seen that the fatty acids of the ad- 
ministered triglycerides are very rapidly bound 
to the proteins of the blood since approximately 
95 per cent of the whole blood radioactivity is 
present in the fraction precipitable with tri- 
chloroacetic acid by the first minute after injec- 
tion of the isotopic mixture. The results ob- 
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TABLE 
Change in Fraction of Whole Blood Activity Bound to Protein (TCA/WB) with Time 


(minutes) 


Case 
No. | 

10 | 12 | 15 20 | 30 | 40 | 60 | 80 100 120 140 160 180 

A. Control Group 
1 94.6 | 86.0 | 74.2 | 58.8 | 52.0 | 43.2 | 29.6 | 27.7] 24.7| 23.5 | 21.0 | 19.1 | 18.5 oe 
2 81.4 | 77.2 | 74.3 | 52.5 | 48.0 | 38.3 | 27.8 | 28.2| 24.8| 241 | 23.2 | 24.8 | 23.1 
3 94.4 | 94.2 | 87.9| ... | 63.2] 48.5 | 41.0 | 27.5|18.4| 22.0 | 20.7 | 20.0 | 26.4 
4 70.3 | 56.0 | 50.5 | 35.0| 25.0 | 21.5 | 27.9 | 13.7|12.8| 12.0 | 12.6 | 10.8 9.7 
5 76.7 | 75.3 | 66.3 | 60.2) ... | 33.7 | 24.8 | 22.1|14.5| 11.6 | 12.2 | 11.2 8.2 
6 81.2 | 75.3 | 62.3 | 49.8| 39.6 | 29.3 | 21.7| 21.9|18.5| 15.1 | 16.0 | 13.3 | 16.0 
7 72.4 | 65.2 | 60.9 | 50.0 | 37.9 | 33.3 | 28.8 | 26.9 | 26.7| 25.1 | 24.7 | 24.5 | 21.9 
8 50.6| ... | 38.8| ... | 27.3 
Mean | 75.6 | 68.5 | 61.6 | 51.1 | 39.6 | 35.4 | 26.8 | 24.0] 20.0] 17.6 | 18.6 | 17.7 | 17.0 
B. Myocardial Infarction 
10 81.6| ... | 64.0 | 42.4] 55.2 | 44.1] 18.0] 15.8 | 15.7| 12.6 | 15.6 | 11.5 | 10.8 
11 74.7|71.0 | 59.8 | 53.6 | 44.8 | 39.2 | 24.8 | 27.9| 20.8| 18.8 | 16.9 | 17.9 | 15.7 
12 75.4 | 57.6 | 54.3 | 41.0 | 42.7 | 39.0 | 30.8 | 25.5 | 25.4| 24.8 | 23.2 | 21.5 | 19.5 
13 63.5 | 52.9 | 41.9 | 35.8 | 31.9 | 24.9| 29.7| 21.3] ... | 21.8 | 21.6 | 19.4 | 19.2 
Mean | 75.4 | 60.5 | 57.6 | 46.7 | 44.1 | 36.8 | 26.9 | 22.6| 20.6| 19.5 | 19.3 | 17.6 | 16.3 
C. Myxedema Group 
15 75.8 | 86.2 | 88.3 | 87.6|78.6| ... | 62.4] ... | 49.1} 32.1 
16 88.4|84.8| ... | 78.3| 65.5| 59.5 | 39.5| 30.6] 32.9] 28.5 | 27.7 | 26.3 | ... 
17 93.2 | 90.2| 86.2| ... | 63.8| 53.2 | 31.4] 28.3 | 31.7| 19.8 | 20.3 | 21.6 | 21.6 
Mean | 86.5 | 87.1 | 87.3 | 83.0 | 69.3 | 56.4 | 44.4| 29.5 | 37.9| 268 | 24.0 | 24.0 | 26.5 
D. Primary Amyloidosis of Heart 
18 | 93.6 | 89.2 | 89.3 | 84.9 | 68.0 | 61.2 | 40.9 | 35.8 | 31.9] 31.6 | 34.8 | 28.3 
t 


The rapid removal of labeled triglyceride from 
the blood stream in both of these studies with 
I'*!.labeled triglyceride is comparable to the re- 
sults previously reported by Goldman et al.!” 


tained in this study are similar to those described 
by McCandless and Zilversmit™ in the dog utiliz- 
ing both a synthetic emulsion labeled with I'*!- 
triolein and chylomicra labeled in the tri- 


glyceride moiety with I. With their synthetic 
triolein emulsion there was a very rapid expo- 
nential disappearance of I'* from the blood 
stream during the first few minutes with a T!/2 
of approximately three minutes. There was 
somewhat less radioactive lipid remaining after 
one hour in their study (1 to 3 per cent of in- 
jected dose compared to about 10 per cent in the 
population studied by us). However, we also 
found that the ratio of radioactive lipid to whole 
blood activity at the end of one hour was about 
20 to 30 per cent. 
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using C'-tripalmitin emulsions where 1 to 3 per 
cent of the injected dose remained in the dog’s 
plasma at the end of one hour. When McCand- 
less and Zilversmit injected I'*-labeled chylo- 
micra instead of the triglyceride emulsion into 
their animals, the times of disappearance of the 
radioactivity from the blood stream were some- 
what longer but of a similar order of magnitude. 
When Frederickson et al.'* infused C'-labeled 
chylomicra into dogs, they found a T!/2 of 2.5 to 
4.5 minutes during the rapid phase of clearance. 
The rapid rise of radioactivity into the free fatty 


\- 
3, 
af 


8 Feinberg et al. 


acid (FFA) fraction of the blood with a peak 
level occurring at six to ten minutes, would help 
to explain the slowing rate of disappearance of 
the injected radioactivity during this interval 
found in our study. The wide deviation of the 
whole blood activity curve from that of the lipo- 
protein (TCA) curve would also be readily ex- 
plained by the peak levels of oxidation of FFA 
found by Frederickson et al.'* thirty to seventy 
minutes after injection of the isotope. During 
the period of rapid oxidation, deiodination 
would occur with subsequent release of the inor- 
ganic iodide into the blood stream. The sec- 
ondary rise of both whole blood and circulating 
lipoprotein activity found in our study can also 
be explained by recycling of the FFA fraction 
back into the blood stream. 

The T?/2 found in our data was a little slower 
than that found by Frederickson and his co- 
workers!® in human subjects who had received 
C™“ complexed to albumin as FFA intra- 
venously. Their deviations from linearity, how- 
ever, occurred at the same time as did those in 
our study. Moreover, the complexities of the 
curves representing reflux of the radioactive 
FFA back into the blood stream occurred at the 
same time intervals. 

Since synthetic emulsions may differ in 
particle size, fat content and nature of the sta- 
bilizer, and because certain of the results of 
previous investigations show tissue distribution 
and rates of oxidation which differ from the 
studies employing actual lymph chylomicra," 
certain authors”®:”! have cast doubt on the inter- 
pretation of these studies in terms of normal 
chylomicron metabolism. ‘There is good evi- 
dence, however, that some fat emulsions may 
represent substrate readily available for caloric 
purposes” and behave similarly to ingested 
fat.” 

P*). Triolein Disappearance Curves in Patients with 
Coronary Artery Disease: Although the absorp- 
tive phase has been bypassed, these curves are 
still a resultant of many complex factors of which 
rate of transfer of triglyceride from the blood, 
rate of hydrolysis of triglyceride, rate of utiliza- 
tion of FFA and responsiveness of adipose tissue 
to the exogenous supply of fat all play important 
roles.! Despite these complexities, the dis- 
appearance curves in patients with myocardial 
infarction are almost identical with those of the 
control group (Tables 1 and m). Since previous 
studies’ have shown that following oral adminis- 
tration of I*!-labeled triolein there are clear cut 
differences in the rate of appearance and disap- 


pearance of the radioactivity from the blood 
stream, it appears that the prime defect in these 
disorders may be intimately linked up with ab- 
sorption of the neutral fat. 

Triolein Curves in Patients with Hypothyroid- 
ism: In contrast to the population with myo- 
cardial infarction, clear cut differences from the 
control group are observed in the clearance of 
I'*1_labeled triglyceride in the myxedematous 
group. The radioactivity takes longer to reach a 
maximum in the blood stream and disappears at 
a much slower rate. Moreover, the fraction of 
total radioactivity remaining as circulating 
lipoprotein remains significantly higher. These 
data would point to both diminished rate of 
transfer of triglycerides from the blood and im- 
paired oxidation of the fatty acids. 


SUMMARY 


1. Synthetic emulsions containing I'*!-trio- 
lein were administered intravenously to nine 
control subjects with no evidence of lipid disease, 
five patients with myocardial infarction, three 
with hypothyroidism and one with primary 
amyloidosis of the heart. 

2. No severe toxic reactions were noted. 

3. Disappearance curves of radioactivity 
from the whole blood, the circulating lipopro- 
tein and the ratio of the circulating lipoprotein 
to whole blood were obtained. These showed a 
rapid disappearance phase, followed by a slower 
disappearance phase and evidence of recycling. 

4. There was no difference between the con- 
trol group and the patients with myocardial in- 
farction. 

5. The patients with hypothyroidism and the 
patient with primary amyloidosis showed de- 
layed excretion of the radioactivity from the 
blood and circulating lipoprotein fraction. 
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Blood Pressure Measurements In 


Obese Persons 


Comparison of Intra-arterial and Auscultatory Measurements” 


Kurt BERLINER, M.D., HERLEY Fujry, M.D., Duk Ho Legg, M.p., MUHTAR YILDIZ, M.D. 
and BERNARD GARNIER, M.D. 


New York, New York 


N RECENT YEARS, the relationship of obesity 
I and arterial hypertension has received con- 
siderable attention. It is widely accepted that 
arterial hypertension is more common among 
the obese than among the lean.'~* A technical 
difficulty in measuring the blood pressure of 
obese persons has been recognized; conven- 
tional sphygmomanometry may give falsely 
high readings when the arm is big’ and may, on 
occasion, result in an unwarranted diagnosis of 
hypertension. Earlier investigations of this 
problem, consisting of comparisons between 
direct intra-arterial measurements and indirect 
measurements by the cuff method, either 
dealt with too small a number of subjects or 
used technics which appear open to criticism 
(e.g., measurements not simultaneous or not 
made in the same arm). We, therefore, decided 
to investigate the problem with modern electronic 
equipment and a larger number of subjects. 


MATERIAL AND METHOD 


One hundred subjects were used for this study. 
They were drawn from the wards and the outpatient 
department of a large general hospital and were suf- 
fering from the various diseases encountered in the 
hospital population. Patients exhibiting atrial fibril- 
lation were excluded. 

The subjects varied in age from sixteen to eighty-four 
years (average, fifty-six years). Only three were 
twenty-one years old or less; seven were seventy 
years old or more. Forty-four were men, fifty-six 
were women. Seventy patients were hypertensive, 
thirty were normotensive.j Sixty-one patients were 


t We regarded a person as hypertensive when his 
systolic blood pressure, determined by intra-arterial 
measurement, exceeded 150 and his diastolic pressure, 
90 mm. Hg. 


obese, thirty-nine were nonobese. The Ponderal 
Index W/H, weight per inch of height, was used to 
appraise body bulk and to delimit obesity. A Pon- 
deral Index of 2.817 was arbitrarily chosen as the 
dividing line. All subjects with a Ponderal Index 
higher than 2.817 were classified as obese. The 
obese group included fifty hypertensive subjects and 
eleven normotensive subjects. The nonobese group 
included nineteen hypertensive subjects and twenty 
normotensive subjects. 

Simultaneous direct and indirect arterial blood 
pressure measurements were made in all 100 subjects. 
The brachial artery was used for the intra-arterial 
measurements, a Sanborn Electromanometer was 
used for measuring the pressures and a direct writing 
electrocardiograph, Sanborn Twin-Viso, was used for 
recording them. Our technic has been described in 
detail elsewhere. The indirect blood pressure meas- 
urement (auscultatory method) was made on the 
same arm by means of a commercial sphygmoma- 
nometer (Baumanometer, wall type, cuff measurement 
13 by 20 cm., with tapered cotton sleeve). The 
highest and lowest systolic and diastolic pressures 
recorded on each tracing were compared to the final 
blood pressure reading obtained with the cuff 
method. 


RESULTS 


Systolic Pressure: Table 1 is a summary of all 
direct and indirect blood pressure measure- 
ments. The subjects are arranged according to 
their Ponderal Indices. The first thirty-nine 
have a Ponderal Index ranging from 1.582 to 
2.776; they constitute the nonobese group. 
The remaining sixty-one subjects are obese. 
Their Ponderal Indices range from 2.818 to 
5.625. Discrepancies of varying magnitude are 
shown to occur in both groups. Tables u and 
Ill summarize the comparisons of systolic pres- 


* From the Department of Medicine, New York Medical College, Metropolitan Medical Center, New York, New 


York. 
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TABLE I 
Summary of All Blood Pressure Determinations: Indirect and Direct Intra-Arterial 
Blood Pressures (mm. Hg) 
Direct Intra-arterial . 
Method Higher 
Ponderal| Indirect Reading 
Case Weight Method 
Age Height Index 
No. (Ib.) (W/H) (Cuff) Highest Lowest 
Reading Reading 
Sys- | Dias- | Sys- | Dias- | Sys- | Dias- | Sys- | Dias- 
tolic tolic tolic tolic tolic tolic tolic tolic 
1 46 106 5/7 1.582 98 56 95 52 93 40 Cuff Cuff 
2 39 103 5°59” 1.634 96 68 93 47 92 49 Cuff Cuff 
3 21 108 5'5*/2" 1.648 93 73 90 67 88 54 | Cuff | Cuff 
4 28 105 $4° 1.721 108 70 105 65 95 60 | Cuff | Cuff 
5 57 114 5'4" 1.781 104 68 105 62 95 57 | Direct | Cuff 
6 53 127 5’10'!/2” | 1.801 126 78 118 63 112 58 | Cuff | Cuff 
7 77 117 5'4 1.828 227 76 233 78 230 78 | Direct | Direct 
8 21 114 §2" 1.838 128 71 124 85 120 83 Cuff Direct 
9 44 116'/, | 5/2” 1.878 133 70 134 70 130 90 Direct | Same 
10 37 132 5/10” 1.885 122 90 123 77 117 74 | Direct | Cuff 
11 16 126 5'6" 1.916 127 73 165 78 153 78 | Direct | Direct 
12 40 116 4/111/2”" | 1.949 133 78 132 84 122 84 | Cuff | Direct 
13 84 140 5’91/," 2.015 152 92 187 83 172 80 | Direct | Cuff 
14 57 134 5'6" 2.030 130 80 146 74 140 73 | Direct | Cuff 
15 60 140 5'8" 2.058 172 72 152 63 145 66 | Cuff | Cuff 
16 65 134 5°5" 2.065 210 100 240 105 228 95 | Direct | Direct 
17 56 135 © 55° 2.076 130 80 132 72 118 72 | Direct | Cuff 
18 71 142 5'6" 2.151 162 104 194 103 177 117 Direct | Cuff 
19 80 140 5°5° 2.153 252 60 255 60 240 50 | Direct | Same 
20 45 135 5/21/42" 2.160 130 80 130 78 120 72 Same | Cuff 
21 77 137 so 2.174 125 80 130 69 123 70 | Direct | Cuff 
22 58 124 4'81/,” 2.194 188 90 182 83 176 83 Cuff Cuff 
23 51 142 5'41/," 2.201 164 58 155 50 145 54 Cuff Cuff 
24 63 148 $°7° 2.208 146 62 173 76 168 79 | Direct | Direct 
25 70 136 5/11/,” 2.211 262 108 248 101 242 101 Cuff Cuff 
26 48 133 5’0” 2.216 245 135 270 130 225 118 Direct | Cuff 
27 65 145 5/3" 2.301 260 100 260 100 245 95 | Same | Same 
28 82 152 5'51/9” 2.320 144 86 155 60 149 68 | Direct | Cuff 
29 60 137 4’91/," 2.382 260 109 223 87 215 85 | Cuff | Cuff 
30 69 159: 5'6" 2.416 118 68 122 58 112 65 Direct | Cuff 
31 63 162 5'6" 2.454 117 73 112 64 105 63 | Cuff | Cuff 
32 64 159 51” 2.606 160 94 163 78 150 68 | Direct | Cuff 
33 61 174 5'51/,” 2.656 152 74 158 72 150 69 Direct | Cuff 
34 56 187 5'9" 2.710 118 70 132 70 115 70 | Direct | Same 
35 55 185 5’8”" 2.720 126 74 138 70 123 70 | Direct | Cuff 
36 67 188 5’9" 2.724 170 68 179 66 162 71 Direct | Direct 
37 60 169 54° 2.759 123 68 118 65 111 58 Cuff Cuff 
38 69 184 5'61/2” 2.766 161 96 179 97 175 92 | Direct | Direct 
39 74 193 5'91/," 2.776 142 78 182 82 158 83 Direct | Direct 
40 50 186 5'6" 2.818 110 72 118 72 105 67 | Direct | Same 
41 59 181 5'4" 2.828 166 104 151 96 146 95 | Cuff | Cuff 
42 74 191 5'71/2" 2.829 189 62 165 65 162 65 | Cuff | Direct 
43 65 162 4’'9” 2.842 196 60 201 55 176 62 Direct | Cuff 
44 50 185 5'4”" 2.872 200 130 198 100 170 90 | Cuff | Cuff 
45 50 171 4'111/,” 2.873 202 100 190 88 186 89 Cuff Cuff 
46 38 1981/, | 5’9” 2.876 178 100 150 85 139 84 | Cuff | Cuff 
47 68 2011/2 | 5’10” 2.878 111 71 97 63 90 59 | Cuff | Cuff 
48 64 190 5'6" 2.878 131 76 153 83 145 67 Direct | Direct 
49 67 190 5'6" 2.878 198 72 215 70 205 70 Direct | Cuff 
50 48 183 4’91/," 2.950 235 120 241 128 222 123 | Direct | Direct 
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12 Berliner et al. 
TABLE 1 (Continued) 
Blood Pressures (mm. Hg) 
Direct Intra-arterial Higher 
p Indirect Method 
, onderal ading 
Case Age Weight | yy cight Sins Method 
No. (Ib.) (W/H) (Cuff) Highest Lowest 
Reading Reading 
Sys- | Dias- | Sys- | Dias- | Sys- | Dias- | Sys- | Dias- 
tolic tolic tolic tolic tolic tolic tolic tolic 
51 49 183 4'91/,” 2.950 210 114 212 108 209 107 Direct | Cuff 
52 60 198 5'7" 2.955 192 132 200 125 192 120 Direct | Cuff 
53 54 190 5'4" 2.968 103 72 120 58 112 55 Direct | Cuff 
54 46 196 5'6" 2.969 150 75 159 83 151 82 Direct | Direct 
55 57 200 57" 2.985 166 110 168 112 159 106 Direct | Direct 
56 69 200 5°7" 2.985 176 94 170 98 166 69 Cuff Direct 
57 50 212 510” 3.028 140 78 143 72 132 70 Direct | Cuff 
58 63 200 5'6" 3.030 126 62 121 54 116 55 Cuff Cuff 
59 51 176 4'10” 3.034 182 90 195 100 185 95 Direct | Direct 
60 65 213 510” 3.042 142 60 124 56 120 56 Cuff Cuff 
61 48 200 54" 3.125 160 90 170 85 142 88 Direct | Cuff 
62 66 217 5’9" 3.144 147 40 152 43 150 45 Direct | Direct 
63 69 192!1/, | 51” 3.155 185 95 185 95 180 85 Same | Same 
64 65 193 51” 3.163 206 130 195 113 181 110 Cuff Cuff 
65 49 197 §'2° 3.177 202 103 206 97 201 97 Direct | Cuff 
66 68 183 4'91/," 3.182 128 90 150 68 135 64 Direct | Cuff 
67 56 202 os 3.258 193 94 174 68 165 75 Cuff Cuff 
68 51 207 5'21/," 3.312 186 108 200 122 190 120 Direct | Direct 
69 44 220 5'5" 3.384 200 140 180 140 170 136 Cuff Same 
70 36 220 5°§” 3.384 148 111 154 97 143 95 Direct | Cuff 
71 60 210 §'2° 3.387 141 50 159 65 138 57 Direct | Direct 
72 60 225 5'1/," 3.488 222 126 223 110 214 111 Direct | Cuff 
73 59 232 5'6" 3.515 122 88 126 80 120 80 Direct | Cuff 
74 55 239 §’7" 3.567 192 115 198 110 195 110 Direct | Cuff 
75 53 226 5°93" 3.587 210 110 220 115 210 105 Direct | Direct 
76 59 216 5’0" 3.600 154 90 180 88 168 83 Direct | Cuff 
77 57 224 § ‘2° 3.612 158 104 176 120 164 119 Direct | Direct 
78 73 212 4'10'/,” 3.623 146 92 156 101 136 91 Direct | Direct 
79 62 227 §°2° 3.632 168 99 173 120 152 109 Direct | Direct 
80 50 221 4'11” 3.745 254 142 242 123 229 117 Cuff Cuff 
81 45 244 §'5° 3.760 164 80 173 82 162 78 Direct | Direct 
82 34 248 5'51/,” 3.786 133 77 137 73 122 73 Direct | Cuff 
83 57 231 51° 3.786 120 64 131 82 120 75 Direct | Direct 
84 58 238 5’0" 3.966 188 108 180 96 170 95 Cuff Cuff 
85 27 265 55” 4.076 126 84 118 78 116 81 Cuff Cuff 
86 65 265 55° 4.076 125 76 129 78 119 74 Direct | Direct 
87 51 264 5°39" 4.190 160 90 176 83 166 83 Direct | Cuff 
88 36 290 59" 4.202 184 123 201 122 185 111 Direct | Cuff 
89 71 237 4'8” 4.232 188 80 205 87 190 82 Direct | Direct 
90 65 255 5'0" 4.250 238 130 230 118 218 124 Cuff Cuff 
91 59 274 54” 4.281 170 92 152 95 138 88 Cuff Direct 
92 38 270 §°3° 4.285 156 102 159 94 154 97 Direct | Cuff 
93 62 275 at 4.524 190 90 171 83 137 86 Cuff Cuff 
94 63 275 §1° 4.524 196 94 152 66 134 61 Cuff Cuff 
95 48 287 §'3” 4.555 262 138 212 110 200 95 Cuff Cuff 
96 38 278 4/11!/,” 4.672 178 100 150 85 139 84 Cuff Cuff 
97 48 276 411” 4.677 236 150 208 123 205 125 Cuff Cuff 
98 58 315 5/11/," 5.121 141 88 135 67 120 66 Cuff Cuff 
99 49 350 57" 5.223 250 150 199 115 178 104 Cuff Cuff 
100 58 391 5'91/," 5.625 159 116 162 ~ 91 140 87 Direct | Cuff 
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TABLE II 


Systolic Blood Pressure Readings—Comparison of Direct 
and Indirect Measurements 


Comparison 
Total 
Reading Direct Indirect Readi Cases 
Reading | Reading | pe 
Higher Higher 
A, Sixty-One Obese Persons 
Actual readings com- 
pared 36 24 1 61 
Differences of 1 or 2 
mm. disregarded 33 23 5 61 
B. Thirty-Nine Nonobese Persons 
Actual readings com- 
pared 23 ia 2 39 
Differences of 1 or 2 
mm. disregarded 19 13 7 39 


sure in the obese and nonobese persons. Table 
m1 shows the frequency of the discrepancies, 
Table m their magnitude. Most discrepancies 
in the obese persons were minor; in three sub- 
jects, however, the indirect method grossly 
underestimated systolic pressure by 22 to 26 
mm., and in seven subjects the indirect method 
grossly overestimated systolic pressure by 24, 
28, 28, 28, 44, 50 and 51 mm., respectively. 
In the nonobese persons, too, most of the dis- 
crepancies were minor. However, gross over- 
estimation of systolic pressure also occasionally 
occurred among these lean persons, in one in- 
stance amounting to 37 mm. Underestima- 
tion of systolic pressure of lean persons by the 
indirect method was more common and more 
marked, amounting to’'as much as 25 to 40 mm. 

Diastolic Pressure: In both groups systolic 
pressure was underestimated by the indirect 
method more often that it was overestimated. 
The opposite was found when diastolic pressures 
were compared. The indirect method over- 
estimated diastolic pressure in the majority of 
all cases, obese and nonobese. ‘Tables tv and 
Vv summarize the comparisons of diastolic pres- 
sure in the obese and nonobese subjects, Table 
1v showing the frequency of the discrepancies, 
Table v their magnitude. Among the obese 
subjects, most of the discrepancies in diastolic 
pressure were again minor. Gross underestima- 
tion occurred only twice (by 16 and 18 mm.) 
and gross overestimation much more frequently, 
twelve times (by 16 to 35 mm.) In the non- 
obese group gross underestimation of diastolic 
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TABLE III 


Systolic Blood Pressure Readings—Extent of Discrep- 
ancies between Direct and Indirect Measurements 


Discrepancy 


Total 
Over Cases 


30 mm. 


Reading 
1-2 
mm. 


$-5 
mm. 


6-10 
mm. 


11-20 
mm. 


21-30 


mm. 


A, Sixty-One Obese Persons 


B. Thirty-Nine Nonobese Persons 


Readings 


TABLE IV 


Diastolic Blood Pressure Readings—Comparison of 
Direct and Indirect Measurements 


Comparison 
Total 
Reading Direct | Indirect Cases 
Reading | Reading 
Higher Higher 
A, Sixty-One Obese Persons 
Actual readings com- 
pared 19 39 3 61 
Differences of 1 or 2 
mm. disregarded 16 36 9 61 
B. Thirty-Nine Nonobese Persons 
Actual readings com- 
pared 9 26 4 39 
Differences of 1 or 2 
mim. disregarded 7 23 9 39 


pressure did not occur; gross overestimation 
occurred four times, amounting to 16 to 22 mm. 

Extreme Obesity vs. Leanness: The similarity of 
findings in both groups at first seemed to indi- 
cate that obesity has little effect on the meas- 
urement of blood pressure. Very different re- 


— 
measure- 
ment 7 
higher 11 36 
Indirect 
measure- 
ment 
higher 5 24 
Readings 
identical 1 
Direct 
ment 
higher 7 14 ma 
Indirect 
measure- 
ment 
higher 4 23 
| 
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TABLE V 


Diastolic Blood Pressure Readings—Extent of Discrep- 
ancies between Direct and Indirect Measurements 


Discrepancy 
Total 


Reading 
Over 


20 mm. 


11-15 | 16-20 


1-2 3-5 | 6-10 
mm. mm. 


mm. mm. mm. 


A. Sixty-One Obese Persons 


Direct 
measure- 
ment 
higher 3 5 6 

Indirect 
measure- 
ment 
higher 3 

Readings 
identical} ... welts wer 3 


5 11 8 4 8 39 


B. Thirty-Nine Nonobese Persons 


Direct 
measure- 
ment 
higher 2 4 1 2 0 0 9 

Indirect 
measure- 
ment 
higher 3 6 10 3 3 1 26 

Readings 


sults, however, were obtained when extreme 
obesity was contrasted with marked leanness. 
Table v1 limits the comparisons to the ten 
stoutest subjects (Ponderal Index 4.250 to 
5.625) and the ten leanest subjects (Ponderal 
Index 1.582 to 1.885). In eight of the ten very 
obese subjects, the indirect method overesti- 
mated the systolic pressure. The greatest dis- 
crepancies of the whole series were encountered 
in this small group. Diastolic pressure in these 


very stout subjects also was overestimated in 
nine out of ten cases, and by a substantial 
number of points. These findings were in 
striking contrast to those in the ten leanest sub- 
jects. Here no significant overestimation or 
underestimation of either systolic or diastolic 
pressure occurred. 

Lastly, we selected from both groups the twelve 
cases which demonstrated the greatest over- 
estimation of systolic blood pressure by the 
indirect method (Table vm). The discrepan- 
cies ranged from 18 to 51 mm. Ten of the 
twelve subjects were obese and the five greatest 
discrepancies of the entire series occurred in ex- 
tremely obese persons. Here the effect of 
obesity, falsely high readings, is most apparent. 


COMMENT 


Effect of Obesity on Blood Pressure: From the out- 
set two separate problems presented themselves; 
(1) the effect of obesity on blood pressure; (2) 
errors of clinical blood pressure measurements 
caused by the large arms of obese persons. As 
to the first problem, any investigation into the 
effect of obesity on blood pressure obviously has 
to find a true measure of obesity first. Meas- 
urement of total body fatness can probably fur- 
nish the best measure of obesity, but the 
methods are not yet practicable.* Another 
method of assessment is to measure the circum- 
ference of the subject’s arm. A recent study by 
Whyte,! however, clearly shows that circum- 
ference of the arm and blood pressure are unre- 
lated. Blood pressure, measured in the ordi- 
nary way, was noted to be higher in subjects 
with larger arms, but the association lost 
significance when the influence of other factors 
such as age, weight and height was excluded. 


TABLE VI 
Ten Stoutest and Ten Leanest Subjects—Comparison of Direct and Indirect Blood Pressure Measurements 


10 Stoutest Subjects 10 Leanest Subjects 
Blood 
Measure- Direct Indirect Direct Indirect Identical 
ment | Measurement Measurement Measurement Measurement 
Higher Higher Higher Higher 
Systolic 2 cases (each | 8 cases (by 6, 18, 19, | 4 cases (by 1, 1, 1 and | 6 cases (by 3, 3, 3, 3, 4 0 
pressure by 3 mm.) 28, 28, 44, 50 and 51 6 mm., respectively ) and 8 mm., respec- 
mm., respectively ) tively) 
Diastolic | 1 case (by 3 | 9 cases (by 4,5, 15,15, | 2 cases (by 2 and 6 | 7 cases (by 4, 5, 6, 6, 13, 1 
pressure mm.) 21, 25, 28, 28 and mm., respectively ) 15 and 19 mm., re- 
35 mm., respec- spectively ) 
tively, 


THE AMERICAN JOURNAL OF CARDIOLOGY 


yay 
Cases 
| | | 
| 

| | | | 

| 
| | | 
A 
ty 
. 

Ke 

| J | 


Blood Pressure in Obese Persons 15 


TABLE vii 


Twelve Greatest Overestimations of Systolic 
Blood Pressure by the Indirect Method 


Systolic Pressure (mm. Hg) 
Case| Weight} Height | Ponderal 
No.| (Ib.) Index Systolic 
D 
(W/H) irect Pressure 
casure- igher 
ment ment (mm.) 
60 213 510” 3.042 124/56 142/60 18 
91 274 5'4” 4.281 152/95 170/92 18 
67 202 §'2° 3.258 174/68 193/94 19 
15 140 5'8” 2.058 152/63 172/72 20 
69 220 5'5” 3.384 180/140 | 200/140 20 
42 191 5/71/29” 2.829 165/65 189/62 24 
96 278 4'111/,” 4.672 150/85 178/100 28 
97 276 4/11” 4.677 208/123 | 236/150 28 
29 137 4'9” 2.382 223/87 260/109 37 
94 275 51” 4.524 152/66 196/94 44 
95 287 5'3” 4.555 212/110 | 262/138 50 
99 350 5°7” 5.223 199/115 | 250/150 51 


Nore: Ten subjects were obese; two subjects were nonobese. 


Still another way of judging obesity is by esti- 
mating the amount of subcutaneous fat. This 
is done by pinching up skin folds and measuring 
their thickness. Whyte! found that obesity thus 
judged also has no apparent influence on blood 
pressure execpt as it affects the total body 
weight. Whyte noted that the composition of a 
person’s excess weight is immaterial; it is the 
over-all bulk which counts, be it muscle or fat. 
In our own investigation we, therefore, dispensed 
with measyrements of circumference of the arm 
and estimations of subcutaneous fat. Our task 
was to measure over-all bulk. Weight alone is 
obviously not very informative about the bulk of 
the body, the bulk being dependent on height as 
well as on other dimensions of the body. None 
of the available methods of measuring bulk is 
entirely reliable. The Ponderal Index W/H, 
weight per inch of height, however, is in our 
opinion the simplest and best comparative 
measure of body bulk and was employed in the 
present study. 

It has been shown by other investigators that 
obesity is statistically associated with blood 
pressure levels above average, and that weight 
reduction by dieting may produce considerable 
falls of arterial pressure when it is initially 
high.!°-!® Our series is relatively small and our 
hospital patients do not represent a true cross 
section of the entire population. Our figures, 
82 per cent hypertensive subjects in the obese 
groups, 49 per cent hypertensive subjects in the 
nonobese group, therefore, have no statistical 
significance although they effectively demon- 
strate the relationship between obesity and hy- 
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pertension. This relationship is still better 
shown if only the leanest and most stout are 
compared. Of the ten leanest patients in our 
group only one was hypertensive; nine were 
normotensive. Of the ten stoutest patients, on 
the other hand, nine were hypertensive and only 
one was normotensive. 

Errors in Blood Pressure Measurements in Obese 
Persons: The possible errors of clinical blood 
pressure measurement in obese persons are, of 
course, an entirely different problem. These 
errors have been widely publicized.” Sev- 
eral authors*’:”:!§ have reported falsely high 
readings in the obese arm and have given the 
impression that an unwarranted diagnosis of 
hypertension is a common occurrence. This 
problem seemed to us of enough importance to 
require further investigation. Does the obese 
arm regularly cause falsely high readings, or, if 
not, how common are they? What is the extent 
of these errors, and are they proportionate to 
the degree of obesity? Are many obese persons 
falsely classified as hypertensives? These were 
the questions to which we sought the answers. 

We first reviewed the earlier investigations of 
the problem. Ragan and Bordley® were the 
first to demonstrate the error incurred by taking 
the blood pressure in obese persons. Using 
fifty-one subjects, they compared blood pres- 
sure measurements made by the auscultatory 
method in the right arm and simultaneous 
direct intra-arterial measurements, made with a 
Hamilton manometer, in the left arm. They 
found that in subjects with large arms the 
auscultatory readings were usually too high, the 
errors amounting to between 10 and 20 mm. Hg. 
Trout, Bertrand and Williams'* made com- 
parisons on six extremely obese persons and 
eight nonobese persons (weights not stated). 
Overestimation of systolic pressure by the in- 
direct method, varying from 32 to 102 mm. Hg, 


occurred in all six obese persons; in the non-| 


obese persons there was a fair degree of agree- 
ment between the two methods. Observations 
made by Irvin, quoted by Smirk,‘ on eight 
patients with unequal arms showed slight 
differences between the two on numerous 
repetitions, the higher reading being obtained 
on the arm with the larger circumference. 
Smirk‘ states: “If an arm is artificially thickened 
by wrapping around it various materials such as 
cloth, cotton, wool, sponge rubber and meat 
from the butcher, it is found that these materials 
have different effects upon the estimated blood 
pressure. Cloth and meat of a rather compact 
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consistency had very little effect upon the esti- 
mated blood pressure, whereas cotton, wool and 
sponge rubber increased the estimated blood 
pressure. Apparently some materials when 
interposed between the sphygmomanometer 
cuff and the artery spread the pressure over a 
wider area so that, in fact, the pressure upon the 
outside of the artery is less than the pressure 
within the cuff. Hence the blood pressure is 
overestimated. The estimated pressure can be 
brought back to a pressure nearer to that ob- 
tained under standard conditions if the cuff is 
widened.”” This explanation of the falsely high 
readings is plausible and should be accepted 
without qualification. Pickering, Roberts and 
Sowry”® reviewed the comparisons reported by 
Ragan and Bordley® and published a list of 
adjustments for arm circumference to be made 
to auscultatory pressure. The subtractions to 
be made from systolic pressure readings in 
stout arms range from 5 to 25 mm. and those 
from diastolic readings also from 5 to 25 mm. 
These authors admit that variations in circum- 
ference of the arm do not account for more than 
a quarter of the differences between direct and 
indirect readings and doubt the usefulness 
of applying a correction for arm circumference 
to an individual reading. 

Our own findings lead us to the same con- 
clusion. Besides, marked overestimation of 
blood pressure by the auscultatory method, in 
our series, was not at all limited to obese sub- 
jects, but occurred in lean persons also. Most 
noteworthy, however, is our finding of falsely 
high readings in eight out of ten extremely 
obese persons. The overestimations ranged 
from 6 to 51 mm. and were greater than the 
general range of 10 to 30 mm. reported in the 
literature.57 Only Trout and _ associates!® 
found discrepancies greater than ours; they 
ranged from 32 to 102 mm. Hg, with the two 
greatest, 80 and 102 mm., occurring in the two 
stoutest arms. 

The accuracy of clinical blood pressure 
measurement in general depends on many 
factors such as age of the subject, height of true 
blood pressure, rigidity of arterial wall, contour 
of pulse wave,” and sphygmomanometric 
technic. Obesity is but one such factor and 
only in extremely stout subjects can it become 
decisive. It is the large size of the arm which is 
responsible for the error. In such persons we 
found that the difficulty of applying the cuff also 
plays a part. Often it is difficult to wrap the 
cotton sleeve evenly around the big arm; not 


infrequently the sleeve is too short and part of 
the cuff balloons out when it is inflated. After 
readjusting the sleeve, markedly different 
readings were obtained. Attempts to lengthen 
the sleeve by adding a bandage caused even 
greater errors. 

We always bear in mind the possibility of 
falsely high readings when dealing with ex- 
tremely stout persons and are, therefore, not 
likely to make an unwarranted diagnosis of hy- 
pertension. Moreover, most of these very obese 
persons are true hypertensive subjects anyhow, 
as shown by intra-arterial measurement; there 
is little danger of falsely classifying them as 
hypertensive subjects. In the rare cases in which 
there is doubt, intra-arterial measurement 
should be taken. 

The large size of the arm, on the other hand, 
does not always cause falsely high readings. 
This was nicely shown by the stoutest subject 
of our entire series, a woman weighing 391 
pounds. Her systolic pressure was underesti- 
mated by the auscultatory method! 


SUMMARY 


1. Simultaneous direct intra-arterial blood 
pressure measurements and indirect measure- 
ments with the auscultatory method were made 
in 100 subjects. The subjects were grouped 
according to their Ponderal Index W/H, weight 
per inch of height. Sixty-one subjects were 
obese, thirty-nine were nonobese. 

2. Nine out of the ten stoutest subjects were 
hypertensive, whereas only one of the ten leanest 
subjects was hypertensive. 

3. The indirect method generally under- 
estimates systolic and overestimates diastolic 
pressure. This holds for lean persons as well as 
for moderately obese persons. 

4. The discrepancies between the direct and 
indirect methods were usually minor among the 
lean and the moderately obese subjects and 
went in both directions. Falsely high blood 
pressure readings in lean and moderately obese 
persons are not common. 

5. In extremely obese persons the indirect 
method is subject to considerable error. In 
eight out of ten such persons the systolic pres- 
sure was overestimated, and in nine out of ten 
such persons the diastolic pressure was over- 
estimated. 

6. Overestimation of systolic pressure in very 
obese persons can be much greater than was 
heretofore known; it amounted to 44, 50 and 51 
mm. in three of our stoutest subjects. 
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7. Falsely high readings in extremely obese 
subjects are caused by the large size of their 
arms. If this possibility is borne in mind, an 
unwarranted diagnosis of hypertension is not 
likely to be made. In dubious cases, intra- 
arterial measurement should be resorted to. 

8. Many factors other than arm size may 
cause inaccuracies of the indirect method, and 
the large arm does not regularly cause falsely 
high readings. It is not feasible to apply a cor- 
rection to an individual reading. 
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Duration of Arterial Sounds® 


Smon RopBARD, M.D., PH.D. and JAN CIESIELSKI, M.D. 


Buffalo, New York 


RTERIAL sounds change in intensity as the 

cuff pressure falls during the indirect 
measurement of the blood pressure! The 
intensity of the sounds has been related to the 
flow of blood into the extremity.? Thus, the 
sounds are faint when the flow into the extremity 
is diminished, as by arteriolar constriction or 
after application of a tourniquet; they become 
quite loud when the arterioles are dilated. 
The present study was undertaken to obtain 
quantitative data on the durations of these 
vibrations in relation to maneuvers which 
modify blood flow to the extremity. 


METHODS 


Arterial sounds were recorded on forty-five 
subjects, including employees and patients of the 
Chronic Disease Research Institute.* A standard 
blood pressure cuff, measuring 15 cm. wide, placed 
on the upper limb of the supine subject, was 
inflated to pressures higher than the systolic level. 
The cuff pressure was then allowed to fall steadily at a 
rate of 2 or 3 mm. Hg per second. Vibrations at the 
antecubital fossa were recorded by means of a 
crystal microphone using a constant level of ampli- 
fication on a Cambridge phonocardiograph. Lead 
n of the electrocardiogram was recorded simultane- 
ously as a reference tracing. Standardization im- 
pulses introduced into the electrocardiogram at each 
5 mm. Hg fall of cuff pressure provided a basis for 
determining the cuff pressure level of each beat. 

Control recordings were made with the subject at 
rest. Arteriolar dilatation was induced in the forearm 
by inflating the cuff to values above systolic, following 
which the subject clenched his fist twenty times. The 
sounds were then recorded as the cuff pressure fell. 
After a rest period, blood flow in the arm was di- 
minished by application of a tourniquet to the fore- 
arm and a third recording was made. 

The duration of arterial sounds was measured from 
the onset of these recorded oscillations until the 
deviations from the baseline were less than 2 mm. 


RESULTS 


The effects of the experimental maneuvers on 
the durations of arterial sounds are illustrated in 
Figures 1 and 2. The durations of the sounds 
are recorded at the right of each strip. The 
effects of tourniquet and exercise were essentially 
the same in normal subjects and in patients with 
heart disease. 

Two separate components of the sounds 
contribute to the intensity. These include a 


. transient “snap”? at onset which has high pitch 


and amplitude, followed by a more or less 
persistent “rumble” of lower pitch. Optical 
recordings clearly differentiate these two com- 
ponents.*§ 


NORMAL SUBJECTS 


In all twenty normal subjects tested, the 
durations of arterial sounds increased as the cuff 
pressure fell from systolic until the greatest 
duration was recorded, about 20 mm. Hg below 
systolic pressure (Fig. 1). The durations of 
the sounds then decreased as the cuff pressure 
continued to fall until only the snapping onset 
sound remained at about 40 mm. Hg below 
systolic levels. The snapping sounds then 
became muffled. The diastolic value was 
considered to be the cuff pressure level at which 
the sounds became inaudible. 

Tourniquet: Application of a tourniquet to the 
forearm markedly diminished the duration and 
intensity of all the arterial sounds. The 
general reduction in the sounds made it. diffi- 
cult to select a level of maximum duration. 

Vasodilatation: Arteriolar dilatation induced by 
clenching the fist twenty times resulted in 
every instance in a marked increase in the 
amplitude of the snapping sounds and in 
duration of the rumbling sounds. In these 
experiments the greatest duration of the sounds 


*From the University of Buffalo Chronic Disease Research Institute, Buffalo, New York. The University of 
Buffalo Chronic Disease Research Institute is supported in part by the New York State Department of Health. 

This study was supported in part by Grants H2271(C3) and HTS5336 from the National Heart Institute of the 
United States Public Health Service, and a grant from the Heart Association of Erie County, Inc. 
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Fic. 1. Arterial sounds on a normal subject. The cuttings 


have been aligned so that the duration of the sounds may 
be compared. Normal represents the sounds recorded at 
rest. Tourniquet represents sounds after blood flow into 
the forearm was diminished by a cuff on the forearm. 
Exercise represents the sounds after the induction of a re- 
active vasodilatation ofthe arm. In each case the sounds 
begin with a series of high amplitude swings which 
interrupt the baseline. The duration of the “snap” 
in this subject increases as cuff pressure falls and be- 
comes maximal at 40 to 50 mm. Hg below systolic 
pressure. The rumbling vibrations are best seen at 110 
mm. Hg in the normal recording, and in the range 115 
to 85 mm. Hg in the exercise recordings. Time is 
given below as 0.04 second between the vertical white 
lines. 


was at about 30 mm. Hg below the systolic 
pressure level. The hand exercise also pro- 
duced another important effect: the muffling 
phase tended to be eliminated and the sounds 
continued clearly audible and easily recorded 
until they disappeared entirely within a beat 
or two at the previously noted diastolic level. 
The increased amplitude of the sounds following 
exercise improved the security of estimation of 
the diastolic pressure and obviated the need for 
a choice between the point of muffling or the 
complete absence of sounds. 


CARDIAC PATIENTS 


Twenty-five patients with cardiac disease were 
tested. The arterial sounds in old and seriously 
ill patients were generally of less intensity and 
duration than in normal subjects (Fig. 2). 
These sounds were further diminished in 
intensity by the application of a tourniquet on the 
forearm. After exercise of the ischemic fore- 
arm the sounds were greatly augmented in 
amplitude and duration, the loudest sounds 
being recorded at 25 to 30 mm. Hg below the 
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Fic. 2. Arterial sounds in an eighty-four year old patient with 


a diagnosis of arteriosclerotic heart disease. The sounds 
during a “normal” reading have short durations. 
Application of a tourniquet reduces the intensity of the 
sounds. After ischemic exercise the sounds are of much 
greater intensity and duration. 


systolic level. In three patients with oblitera- 
tive arterial disease, all the sounds were faint 
and brief, and these were unaffected by the 
clenching exercise. The six hypertensive 
patients of the present series had sounds of 
greatest duration at the same subsystolic levels 
as normal subjects. Thus, the maximal dura- 
tions of the sounds appeared to be fixed to the 
systolic pressure, regardless of its height. 


COMMENTS 


Components of the Sounds: The “loudness” of 
the arterial sounds is an impression produced by 
the combination of the intensity of the snap 
and duration of the rumble. The untrained-ear 
is usually unable to differentiate these sounds 
and tends to fuse them together. Arterio- 
phonography assists in the separation of the 
components and in the evaluation of their 
respective energies. 

At the instant that the rising arterial pulse 
overcomes the force of compression of the cuff, 
the artery is blown open and a sharp snapping 
sound is produced. The amplitude of this 
snap is dependent on the rate of rise of the 
pulse wave at the instant of opening of the 
vessel. This effect can be noted in Figure 1 in 
which the snap is weak at the systolic and 
diastolic levels where the slope of the upstroke is 
normally minimal. Where the slope of the 
upstroke is steep, as in its midportion, the snap 
may be very loud, being recorded with a dura- 
tion of as much as 0.04 second. The amplitude 
and duration of this component of the sounds 
are modified somewhat by the freedom of blood 
flow. Thus, it tends to be somewhat weaker in 
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the presence of reduced flow (tourniquet) and 
stronger following the vasodilatation induced by 
the clenching exercise (Fig. 1). 

The second rumbling component of the 
arterial sound is generated by flow through the 
partially compressed artery. The maximum 
duration of the rumble phase varies with the 
pressure gradient from the segment of the artery 
above the cuff to that of the arterial segment 
below the cuff. When the gradient is high, 
flow is greater and duration of the rumble is rel- 
atively long; a reduced gradient is associated 
with a diminished duration of the sound. In all 
instances the rumble appeared to be associated 
with the systolic pressure and relatively in- 
dependent of the diastolic pressure. 

Phases of the Sounds: Four successive phases of 
arterial sounds, based on quality or loudness, 
are said to be differentiated during blood 
pressure measurement.® Phase 7 appears to be 
due entirely to the snapping sound. The 
intensity of this sound increases rapidly as the 
cuff pressure falls below the level of the systolic 
pressure and as the slope of the upstroke becomes 
progressively steeper. 

Phase 2 of the normal arterial sound begins 
with the snapping sound, followed by a rumble 
which increases in duration as the cuff pressure 
continues to fall to about 20 mm. Hg below 
systolic pressure in normal subjects and to about 
30 mm. Hg after the reactive vasodilatation. 
An inconstant fading of the sounds in these 
pressure ranges sometimes occurs in patients 
with cardiopulmonary disease. However, this 
effect appears to result from fluctuations in the 
blood pressure during the ventilatory cycle. 
The occasional fading of Phase 2 may therefore 
reflect an abnormal situation. 

In Phase 3 the rumbling sound tends to dis- 
appear and only the snapping sound remains. 
The amplitude of this snap is in relation to the 
slope of the arterial upstroke at the level of the 
cuff. 

Phase 4 is characterized by a muffling of the 
sound. This effect may be due in part to the 
diminished slope at the origin of the upstroke. 
A second factor may be the tendency for a rise 
in pressure in the artery beyond the cuff; 
this distal segment of the artery becomes 
relatively distended and the tendency to 
vibration is reduced. Arteriolar dilatation sub- 
sequent to exercise of the ischemic arm prevents 
the rise in distal arterial pressure and con- 
sequently converts the muffle into a clearer 
sound. 


patients. 


The sound disappears entirely when the 
pressure in the cuff falls below the diastolic 
pressure in Phase 5. 

Clinical Significance: The results suggest that 
attention to the pressure level at which the 
longest duration of sounds is heard may provide 
a means for appraising the degree of peripheral 
vasoconstriction. With the normal arteriolar 
tone of resting metabolism, the greatest duration 
occurs at about 20 mm. Hg below the systolic. 
Reactive vasodilatation results in a marked 
increase in duration of the arterial sounds, with 
the maximum occurring about 30 to 35 mm. Hg 
below systolic pressure. 

When blood flow is obstructed, as in arteriolar 
constriction or organic arterial obstruction, all 
arterial sounds are of short duration. A re- 
duced duration of the sounds thus calls attention 
to physiologic or organic factors which limit the 
blood flow to the periphery. 


SUMMARY 


Arterial sounds were recorded on forty-five 
subjects during indirect blood pressure measure- 
ments. In normal subjects the sounds in- 
creased in duration as cuff pressure fell, be- 
coming maximal at approximately 20 mm. Hg 
below the systolic level. As the cuff pressure 
continued to fall, the sounds became shorter 
and were relatively muffled at the diastolic 
pressure level. Repeated clenching of the fist 
induced a local arteriolar vasodilatation in the 
ischemic extremity, and the arterial sounds were 
of greater duration, with a maximum at about 
30 mm. Hg below the systolic value. The 
reJation between the systolic pressure and the 
point of maximal duration of the sounds was 
the same in normotensive and hypertensive 
Induced reactive hyperemia elimi- 
nated the muffling phase of the vibrations and 
the sounds could be heard clearly until they 
ended abruptly at the diastolic level. When 
the blood flow into the extremity was diminished, 
all the sounds were of short duration. 

The phases, mechanisms and clinical utility 
of the arterial sounds are discussed. 
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The Normal Vibrocardiogram 


Physiologic Variations and Relation to Cardiodynamic Events” 


CLARENCE M. AGrEss, M.D., F.A.c.c., Louts G. Fietps, STANLEY WEGNER, Morris WILBURNE, M.D., 
Martin D. SHICKMAN, M.D. and Ropert M. MULLER, M.D. 


Los Angeles, California 


_ In electronic technics have stim- 
ulated exploration into the use of precordial 
vibrations for cardiac diagnosis. The earliest 
records were obtained by Marey and Potain! 
in 1885. For the next fifty-five years direct 
methods of recording apex pulsations were used 
by American and European investigators.?—" 
The vibrations of the thoracic wall, acting on a 
sensitive membrane, produced oscillations which 
were magnified, usually by optical means, and 
transmitted to a screen or passing film. Dietrich 
and Dunker," using an esophageal balloon 
probe, found differences in the time intervals of 
vibrocardiographic waves in pathologic states. 
Neither they nor other investigators!®—*° have 
further evaluated this observation. 

With the adaptation of the cathode ray oscillo- 
scope for recording precordial vibrations'*—” 
and the development of a linear recording micro- 
phone”! detailed study of precordial vibrations 
became feasible. Groups of investigators”: be- 
gan to assess changes in cardiac function 
through analysis of the subaudible frequencies. 
Kountz, Gilson and Smith,!® who coined the 
term “‘vibrocardiogram,” observed that in ab- 
normal hearts the first vibrational complex 
was lengthened. Dunn and Rahm,” in a study 
of abnormal hearts, noted that the damaged 
myocardium could not produce the same 
vibrational pattern in successive beats. 

The modern period of vibrocardiography now 
has an increasing number of active investigators. 
In 1956, Groom and Boone?® introduced the 
General Motors capacitance microphone (2-500 
c.p.s.) which recorded chest vibrations with a 
high degree of fidelity. Harrison**-** and 
Eddleman et al.?®-*5 have been working with 


the “‘kinetocardiogram.”’ Much useful data are 
currently being reported by this group. 
Mounsey,* Rosa,*? Hollis®:“ and our group" are 
all currently investigating the precordial vibro- 
cardiogram using modern electronic methods. 


METHODS AND TECHNICS 


The electronic technics developed in this laboratory 
for recording vibrations from the precordium have 
been described in a previous publication.“ 

Patients are studied in a quiet room as free from 
noise as possible. Ordinary noise and vibrations, 
however, do not distort the records. The bed used in 
these studies consists of a four-inch foam latex mat- 
tress supported on a canvas cet. This arrangement 
has been selected on the basis of its tendency to 
eliminate directly conducted external vibrations. 

A warm room and the foam rubber pad afford 
comfort to the patient and avoid muscle tremor. 
Records are taken at least one hour after a meal and 
after fifteen minutes of relaxation. Records are 
usually taken at the end of expiration, unless it is de- 
sired to note the effect of respiration, because at this 
point in the respiratory cycle the heari is closest to 
the chest wall and damping is at a minimum. 

The transducer, an Altec-Lansing capacitance 
microphone (model number 165A), is suspended 
from a horizontal bar over the bed and placed 2 cm. 
from the left sternal border at the fourth intercostal 
space. The use of lubricating jelly at the point of 
pickup maintains good contact with the chest wall 
and eliminates skin friction. The polarity of the 
transducer was standardized so that an outward 
movement of the chest produced an upward deflec- 
tion of the tracing. 

The recording equipment consists of a four channel 
direct writer and a four channel F.M. tape recorder, 
permitting a simultaneous recording of vibrocardio- 
gram, phonocardiogram, electrocardiogram and 
pulse wave. 


* From the Cardiovascular Laboratory, General Medical Research Service, Veterans Administration Center, and the 
Department of Medicine, University of California, Los Angeles, California. This work was supported by funds from 
the U. S. Public Health Service, (Grant No. H-3960) and in part by the U. S. Air Force (Contract No. AF 41(657)-265) 
monitored by the School of Aviation Medicine, USAF, Randolph Air Force Base, Texas. 
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Fifth Interspace 
2 cm. from Left 
Sternal Border 


Fic. 1. 


The individual vibrocardiographic waves have 
been designated in accordance with the conventional 
ballistocardiographic system of lettering.®! 


EXPERIMENTAL STUDIES 


HUMAN 


Position of Transducer: The character of the 
vibrocardiogram changes markedly with the 
variation of the position of the transducer on 
the chest wall. Figure 1 illustrates the changes 
at the classic auscultatory areas. These areas 
may, in the future, have important applications; 
however, the variations in pattern are too great 
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Vibrocardiographic tracings over six precordial positions in four normal young adults recorded simulta- 
neously with phonocardiogram and electrocardiogram. 


for present analysis. Therefore, we have selected 
an area 2 to 3 cm. from the left sternal border 
in the fourth interspace and have found, as have 
others, *7—*? that shifts of 1 to 2 cm. do not mate- 
rially alter the character of the tracings. The 
records are reproducible from hour to hour (Fig. 


-2) and, under basal conditions as herein de- 


scribed, from day to day. 

Relationship of the Vibrocardiogram to the Electro- 
cardiogram: It was desired to correlate the 
vibrocardiogram with the electrocardiogram for 
the purpose of identifying the vibrocardiographic 
waves. Table 1 shows the data obtained from 
this study. Only those points which demon- 


Aortic Pulmonic Mitral Tricuspid Xiphoid of 
> 
‘Gone 


Fi 
of tracings. 


strated consistent close time relationships are 
shown. Diastolic waves (those occurring be- 
tween the N wave of the vibrocardiogram and P 
wave of the electrocardiogram) had no consistent 
time relationship. Figure 3 shows the time 
ranges of each wave with reference to the 
electrocardiogram. ‘The mean values are in- 
dicated in the table. 

Effects of Respiration: During the phase of 
inspiration, damping of the waves is noted 
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A, phonocardiogram. B, vibrocardiogram. C, electrocardiogram. 


(Fig. 4). However, the waves maintain their 
sharpness and character. During both respira- 
tory phases the H-J, interval maintains a con- 
stant time relationship to the electrocardiogram 
while the J,-J2 interval is lengthened 0.005 second 
during the inspiratory phase. With the Mueller 
test, slight degrees of splitting of the second 
sound can easily be detected by the vibro- 
cardiogram (Fig. 5). In the fir-t vibrational 
complex the H-I, interval lengthened 0.01 second 


TABLE I 
Relation of the Vibrocardiogram to the Electrocardiogram before and after Master Two Step Test 


After Exercise (sec.) 
Control (sec. ) 
diogram R a Immediate 15 Minutes after 
eference 
Deflection Point 
Mean Range Mean Range Mean Range 

R 0.01 0.00-0.02 0.01 0.00-0.02 0.01 0.00-0 .02 
S 0.00 0.01-0.02 0.00 0.02-0.02 0.00 0.02-0 .02 
S 0.02 0.01-0.04 0.02 0.00-0 .04 0.02 0.01-0.04 
S 0.05 0.04—-0.06 0.05 0.03-0.07 0.05 0.040 .07 
S 0.08 0.06-0.10 0.08 0.06-0.10 0.08 0.05-0.10 
7 0.07 0.06-0.09 0.08 0.06-0.10 0.08 0.06-0.10 
0.09 0.08-0.11 0.09 0.07-0.12 0.09 0.08-0.11 
" 0.10 0.09-0.10 0.11 0.10-0.12 0.10 - 0.09-0.10 
x 0.12 0.12-0.12 0.12 0.08-0.14 0.11 0.10-0.12 
= 0.13 0.12-0.14 0.13 0.12-0.13 0.13 0.12-0.14 
Zz 0.16 0.15-0.18 0.16 0.14-0.18 0.16 0.15-0.16 
Sa 0.16 0.15-0.18 0.16 0.14-0.18 0.16 0.15-0.16 
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and the J,-J, interval remained constant; in the 
second sound complex, L2-L; lengthened 0.03 
second. 

During the Valsalva test (Fig. 6), a shortening 
of the H-I and J-J interval by 0.01 second oc- 
curred. The L-M complex was not altered. 


ANIMAL 


Influence of Heart Rate Change: Figure 7 illus- 


trates the pulse rate changes in a typical experi- 
ment on a dog before and after freezing the vagi. 
Although the pulse rates varied, the blood 
pressure remained unchanged. The only inter- 
val of the vibrocardiogram to change was the 
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Influence of pulse rate change on vibrocardiogram. A, phonocardiogram. B, vibrocardio- 


Influence of blood pressure change. 


Cc 


M,-L2, which shortened by approximately 0.005 
second. The morphology and amplitude of the 
waves were not materially altered in any of the 
experiments. 

Effect of Change in Blood Pressure: As illus- 
trated in Figure 8, there is a marked reduction 
in amplitude of the vibrocardiogram when a 
fall in blood pressure to a mean level of 35 mm. 
Hg occurred. The I,-J, interval lengthened 
0.01 second. A further reduction in pressure 
to 25 mm. Hg produced lengthening of J,-J_ by 
0.02 second and shortening of I2-J2 by 0.02 
second. An increase in mean pressure to 68 
mm. produced further shortening of Is-J2 (0.01 
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second) and a slight increase in amplitude. As 
pressure increased to 105 mm., the I,-J, interval 
returned to its control values, as did the ampli- 
tude. The entire tracing returned to the pre- 
occlusion level when a pressure of 125 mm. Hg 
was reached. 

Relationship of Vibrocardiogram to the Events of 
Cardiac Cycle: The individual vibrocardio- 
graphic waves have been considered to represent 
the mechanical events of the heart cycle.* 
Figure 9 shows the general relationship of the vi- 
brocardiogram to the events of the cardiac cycle 
in man. This chart has been constructed from 
the most appropriate curves obtainable from the 
literature.42-* Although this is a composite 
graph, an accuracy of 0.005 second per scale 
division was made possible by using a simultane- 
ously inscribed electrocardiogram as the time 
base. 

A series of experiments on dogs, in which 
intracardiac pressure, vibrocardiograms and 
electrocardiograms have been recorded si- 
multaneously, casts doubt upon this relationship 
inanimals. The H wave of the vibrocardiogram 
occurs simultaneously with the onset of left ven- 
tricular isometric contraction; J, marks the 
opening of the semilunar valves, and L, marks 
the closure of the semilunar valve. The period 
of diastole is characterized by small, low fre- 
quency vibrations or a nearly baseline tracing. 
No consistent pattern in these deflections has yet 
been found. Thus, in animal studies the vibro- 
cardiographic intervals correlate well with the 
following periods: isometric contraction (H-J2), 
ejection (J2-L), systole (H-L) and diastole (L-H). 
These studies, which are now in progress, will be 
the subject of another report. 


COMMENTS 


Many studies have been undertaken to 
correlate ballistocardiographic waves with the 
events of the heart cycle.*54%4° There is still 
much controversy, however, as to the origin 
and significance of these ballistic waves. Some 
of this disagreement arises from the fact that 
inherent delays between cardiac contraction and 
graphic inscription of these forces, due in part 
to equipment and recording technic, are im- 
possible to eliminate.* Hollis**.“° has recorded 
vibrocardiograms on twenty subjects during 
cardiac catheterization. If the timing of the 
waves is studied substantial agreement will be 


* Improved equipment in use since this paper was 
written has eliminated much of the error. (H-J;,) in ani- 
mal corresponds to isometric contraction. 
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found with our tracing shown in Figure 9. G 
follows atrial contraction and H-J, corresponds 
to isometric ventricular contraction. J,-J_ oc- 
curs simultaneously with rapid ventricular ejec- 
tion, J; peaking near the summit of right ventric- 
ular ejection. L occurs simultaneously with 
the onset of the second heart sound or approxi- 
mately at the inscription of the dicrotic notch 
(closure of the semilunar valve). N marks 
the end of rapid ventricular filling. We have 
found, as did Rosa,** that L,-L2 gives better dif- 
ferentiation of the elements of the second heart 
sound. 

Vibrocardiograms (precordial ballistocardio- 
grams) appear to have certain advantages over 
total body ballistocardiograms. Honig et al.®° 
compared ectromelic to normal subjects using a 
subfrequency pendulum and found that in 
normal subjects, the ballistocardiogram was 
distorted “‘due to inertia, complex mass and 
loading effects of limb impedance.” Both 
Honig®® and Hollis“ found ectromelic subjects 
free of this impedance, and Hollis** found that 
such records resembled his precordial force-thrust 
tracings. The problem of damping when the 
body must be closely coupled to the bed has 
always been a vexing one when the concern is to 
record head to foot motions. Since precordial 
ballistocardiograms represent principally re- 
flections of anterior-posterior motions, the prob- 
lem of coupling does not appear to have the 
same significance. An inexpensive, simple and 
readily available bed is more acceptable than 
costly and complex systems designed to cir- 
cumvent damping. Again, vibrocardiographic 
recording is independent of ordinary floor vibra- 
tions and room noises, which makes it a more 
practical procedure. Due to the inherently high 
energy level of the vibrocardiogram, normal 
background vibrations interfere with the record 
very little as compared to the ballistocardio- 
gram or phonocardiogram. The precordial 
transducer can easily be attached to the patient 
in the sitting or semireclining position, which 
makes it possible to monitor the heart beat dur- 
ing many procedures, including air or space 
flights. 


SUMMARY 


The variations in the vibrocardiogram pro- 
duced by alteration of recording surface and 
position of the transducer of the precordium are 
shown. The physiologic effects of respiration, 
forced breathing, change in heart rate and 
change in pulse pressure are noted in normal 
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human subjects and dogs. A study of the char- 
acteristics of vibrocardiographic waves indicates 
that these waves have reproducible character- 
istics when a standardized technic is used. 
The timing of the vibrocardiographic waves and 
their relation to the electrocardiogram and to 
the events of the cardiac cycle are shown. 
Precordial _ballistocardiographic tracings 
(vibrocardiograms) have certain advantages over 
total body ballistocardiograms. Their relative 
freedom from limb impedance and damping 
permits records to be taken upon inexpensive, 
simple beds. Tracings can be recorded in any 
position and are not distorted by ordinary 
floor vibrations or room noises. These records 
are less distorted by artefacts and, since the 


' time lag is reduced, they closely follow the acti- 


vity of the heart. 
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Experimental Studies 


Effect of the Cardiac Arrhythmias on the 
Renal and Mesenteric Circulations® 


Daviw W. Irvine, M.D. and CorDAY, M.D., F.A.C.C. 


Los Angeles, California 


HE PURPOSE OF the present study was to 

determine the effect of cardiac arrhythmias 
on the renal and mesenteric circulations and to 
study the role played by the organs of these 
systems in circulatory homeostasis during cardiac 
arrhythmias. The blood flow in a renal 
artery and in a branch of the superior mesenteric 
artery was measured with a new electromagnetic 
flowmeter with an electronic integrator-com- 
puter.! This instrument accurately measures 
the volume of blood flow directly and instan- 
taneously over a predetermined period of time 
and eliminates the need for cannulation of the 
artery or for the introduction of anything that 
induces turbulence or causes obstruction to 
the flow of blood. 

This technic for measurements of renal flow is 
more accurate than renal clearance studies 
which are indirect and depend upon the 
functional integrity of tubular and glomerular 
cells. Selkurt? has demonstrated that indirect 
clearance studies in the presence of renal 
ischemia or hypotension are not reliable. 
Because arrhythmias frequently induce hypo- 
tension, renal ischemia undoubtedly occurs; 
hence, indirect measurements of renal blood 
flow may be erroneous. 


TECHNIC 


Thirty-two mongrel dogs weighing from 13.5 to 
22.5 kg. were anesthetized with sodium pentobarbital 
intravenously (2.3 cc. per kg.). An intratracheal 
cannula was inserted and connected to a pump 
respirator for positive pressure breathing. The 
left side of the chest was opened between the fourth 
and fifth ribs, the lung retracted and the pericardium 


exposed and incised to allow easy access for stimula- 
tion of the left atrium and ventricle. A catheter 
connected to a Statham strain gauge was inserted 
into the right femoral artery for measurement of the 
systemic blood pressure. The right femoral vein was 
cannulated for the administration of intravenous 
fluids as required. The strain gauge and lead n 
of the electrocardiogram were connected to a multi- 
channel photographic recorder (Electronics for 
Medicine). In eighteen animals the abdomen was 
opened by a right paramedian incision and a ret- 
roperitoneal exposure of the right kidney and renal 
artery made. An electromagnetic probe with a 
lumen diameter of 3 mm. was placed around the 
renal artery. Zero flow was established by momen- 
tary occlusion of the renal artery with a rubber-shod 
hemostat and the flowmeter was set at zero. The 
abdomen was then closed, allowing only the electrode 
leads to emerge through the incision. In fourteen 
animals a median abdominal incision was made and a 
branch of the superior mesenteric artery supplying a 
portion of the ileum was isolated. An electro- 
magnetic probe with a lumen diameter of 1 mm. was 
applied to the vessel. The branch of the mesenteric 
artery around which the electromagnetic probe was 


placed was momentarily occluded approximately 1 


inch distal to the electromagnetic probe so the flow- 
meter could be set at zero. The abdomen was then 
closed with the leads of the probe emerging from the 
incision. 
Electrical contact of the vessel wall with the 
electrodes and the ground cuffs which are within the 
lumen of the probe was enhanced by surrounding the 
area with saline or blood during the course of the 
experiment. The magnet and electrode leads were 
attached to an Avionics¢ electromagnetic flowmeter 


{ Avionics Research Products Corp., Venice, Califor- 
nia. 


* From the Institute for Medical Research, Cedars o jLebanon Hospital, Los Angeles, California, and U.C.L.A. 
School of Medicine, Los Angeles, California. This study was aided by grants from the National Heart Institute 
(H 4685, RI), the Santa Barbara, Tulare, and Los Angeles County Heart Associations, Beneficial Standard Life In- 
surance Company, and the Spiros G. Ponty, Jules Stein and the Hal Wallis Foundations. 


THE AMERICAN JOURNAL OF CARDIOLOGY 


| 

Ga 

e 

i 

{ 
| 

| 

i 

AL 
| 

= 


Renal and Mesenteric Circulation in Cardiac Arrhythmias 


REGULAR SINUS RHYTHM 


33 


\ 
INTEGRATO 2-COMP ise 

PREMATURE ATRIAL SYSTOLES 

! 

PREMATURE VENTRICULAR SYSTOLES 

6 | ne | 

— 
ATRIAL FIBRILLATION 


30 


32cc. 
~ 
ATRIAL TACHYCARDIA 
5 


Fic. 1. Reproduction of records obtained in the laboratory showing renal artery flow during 
regular sinus rhythm, premature atrial systoles, premature ventricular systoles, atrial fibrilla- 


tion and atrial tachycardia. 
these arrhythmias. 


and computer system, and then to the multichannel 
recording machine. Because it is extremely difficult 
during cardiac arrhythmias to measure the area 
under the flow trace to determine the volume flow, we 
used an integrator-computer which accurately and 
instantaneously totals this flow for any predetermined 
period of time. An automatic timing device, preset 
for a thirty second period, automatically integrated 
the blood flow for that interval and then returned to 
zero. After the probe had been applied control 
tracings were obtained over a period of several 
hours to insure that the flow was consistent and that 
the probe did not induce spasm of the renal or 
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Note the progressive reduction in the renal artery flow during 


mesenteric artery. The technic is described else- 
where.! 

Cardiac Arrhythmias: When control readings had 
been established and recorded, premature atrial 
systcles were induced by stroking the exposed atria 
with a wooden applicator for two or more thirty 
second periods. Following this, further control 
tracings were obtained and then premature ven- 
tricular systoles were created by stroking the left 
ventricle. Tincture of aconitine was then applied to 
the left atrial appendage and this produced either 
paroxysmal atrial tachycardia or fibrillation or both. 
Ventricular tachycardia was later produced by 
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Note the discrepancy between the changes in the aortic flow and the renal artery 


Bar graph depicting aortic blood flow, total peripheral resistance, renal artery blood flow, renal vascular re- 


tance and mean blood pressure dur 
were measured simultaneously. 
blood flow as well as in the total peripheral resistance and the renal vascular resistance. Abbreviations as in Figure 3. 


Fic. 2. 
sis 


THE AMERICAN JOURNAL OF CARDIOLOGY 


34 
x x xx 
* 
a 100 x 
90 
z x 
Pale WwW 
= 70 
pea 60 
x 
40 
4 
| 2.8 
2.6 
22 | 
| 
| 
2.0 | | | 
| | 
1.8 | 
Roar. | 1 | | 
1 | = | Ss 
70 
e= = = 
2222 222 2228 
= | = = 
50+ Bae 22222 22222 
== == = 
== == SSeS s= 
= = — — — = 
aly 047 
= | 
| 
== = 1 | 
4 = | 
See = 1] 
= | 
= — = = 1 
= B= | | 
= BE | 
= = | == | 
| = — 
Ze 
= — 
2 
== = 
ss = 
= 
as = == = 
=== = == 
= === 
= === 
A 
Me, ==: + 
222: 222 22222: 
222 
= 
ihe’ 
vadadad 
daaaaa 
z 
w 
> 
; 
4 


35 


W 
x 
w 
130 xy 
x 
x 
ag 
ow a x 
Os 110F x x 
= x 
3.4F 
= = 
oO 
n= 3.0F sss 
aa - 
Zee 
2.6F S22 = 
a: 222 ZB 
= 
o 70 
a“ 60FEE 
a Ze 
AE 
w 40 
22222 
390 Z 22222222 
422222222 2222 
|| 
aqaaqaq aad 


Fic. 3. Bar graph showing renal artery blood flow, renal vascular resistance and mean blood 
pressure during various arrhythmias. Note the progressive decrease in the renal artery flow cor- 
responding to a progressive increase in the renal vascular resistance throughout the course of the 


experiment. 


Near the end of the experiment when regular sinus rhythm was restored, the renal flow 


remained at values approximately two-thirds of control values, while the resistance had increased 
from 1.8 to 3.8 units. R.S.R. = regular sinus rhythm; S.V.T. = supraventricular tachycardia; 
P.A.C. = premature atrial contractions; P.V.C. = premature ventricular contractions; At. Fib. = 
atrial fibrillation; and V.T. = ventricular tachycardia. 


applying the tincture of aconitine to the ventricle. 
Ethyl chloride spray was used to cool the aconitine 
focus and thus convert the arrhythmia to normal 
sinus rhythm. After each episode of atrial and 
ventricular premature systoles, tachycardia and 
atrial fibrillation, control flows were recorded during 
lengthy periods of normal sinus rhythm. The 
electrocardiogram, femoral arterial blood pressure, 
blood flow trace, integrator-computer trace and a 
base line marker were recorded simultaneously 
(Fig. 1). 

In two experiments, the aortic flow was measured 
with a second electromagnetic flowmeter simul- 
taneously with the renal artery blood flow (Fig. 3). 

Calibration: Probes were calibrated at the end of 
each experiment.! This eliminated day to day 
variations which included inadvertent changes in 
control or gain settings on either the flowmeter or the 
recording machine, positioning technic, or changes in 


juLy 1961 


the specific gravity, hematocrit, etc., of the dog’s 
blood. Because of the short length of the renal 
artery of the dog, artificial calibration with the use 
of a specially designed apparatus was done at the 
end of each experiment. This calibration apparatus 
consists of an aluminum jacket into which the probe 
is snugly inserted and known quantities of blood were 
collected at various flow rates in a graduated cylinder 
and integrated over a thirty second interval. These 
results were then averaged so that the integrator 
slope for a thirty second period represented a known 
volume of flow. From this calibration technic, it 
was determined that the over-all accuracy of this 
instrument is plus or minus 5 per cent. Although 
the flow through only one renal artery was measured, 
we believe that this reflects the changes in the total 
renal circulation, 

When the mesenteric blood flow was measured, the 
probe was calibrated in situ on the vessel. The 
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mesenteric artery was cannulated approximately 2 
inches distal to the probe to allow the blood to be 
diverted to a graduated cylinder. Three or five 
calibration determinations were made by collecting at 
various rates of flow in the graduate while integrating 
for a thirty second period to insure that the calibra- 
tion had a linear response. 


RESULTS AND COMMENTS 


RENAL BLOOD FLOW 


The renal blood flow is markedly affected by 
various cardiac arrhythmias (Fig. 1). Frequent 
premature atrial systoles caused an average 
drop of 10 per cent (range 4 to 15 per cent), 
while frequent premature ventricular systoles 
caused an average drop of 8 per cent (range 2 
to 12 per cent). Paroxysmal atrial tachycardia 
reduced the flow an average of 18 per cent 
(range 10 to 40 per cent). Atrial fibrillation 
caused a greater reduction of renal blood flow 
with an average drop of 20 per cent (range 9 
to 60 per cent). The flow during ventricular 
tachycardia decreased as much as 60 per cent. 

Renal Vascular Resistance: When normal 
sinus rhythm was re-established immediately 
following short paroxysms of premature systoles, 
tachycardia, or fibrillation, the renal blood 
flow remained diminished for periods of 
time up to one or two hours. The blood 
pressure and cardiac output had returned to 
normal; therefore, it is most probable that the 
reduced blood flow was due to increased renal 
vascular resistance. The degree of vascular 
resistance increased during the course of 
repeated arrhythmias. The renal vascular re- 
sistance could only be calculated when the sys- 
temic blood pressure was stable during the 
period of observation. Therefore, it is impos- 
sible to calculate resistance factors during 
irregular rhythms. Therefore, in an experi- 
ment with repeated arrhythmias, it must be 
recognized that it is difficult to calculate an 
exact percentage reduction in blood flow in a 
specific arrhythmia because of this progressive 
degree of renal vasoconstriction. It is also 
difficult to choose control figures to calculate an 
average reduction in blood flow. However, we 
attempted to compare figures obtained early in 
the experiment when other factors were stable 
and control flows were reproducible (Fig. 2). 
Figure 3 also shows the marked progressive 
increase in renal vascular resistance following 
repeated arrhythmias (calculated in units as 
mean systemic blood pressure divided by 
renal artery blood flow in cubic centimeters per 


minute). This persisted for at least one or two 
hours following the conversion of the arrhythmia 
even though the blood pressure and cardiac 
output returned to normal limits. This 
increased resistance was accompanied by a 
corresponding reduction in renal blood flow. 
Further studies must be designed to demonstrate 
whether the vasospastic element is due to the 
presence of a humoral substance, such as a 
catecholamine, or to neurogenic control. 

Figure 3 demonstrates that when an arrhyth- 
mia was present for a significant length of 
time or when various arrhythmias were produced 
in rapid succession, a marked drop in renal 
blood flow was observed. In all cases, this 
persisted for a variable but prolonged period of 
time. The renal vascular resistance factor 
increased (in this case) from 1.9 to 3.8 units, 
representing severe renal vasospasm and ische- 
mia. 


Factors Producing Reduced Renal Flow: Many 
factors affect the renal flow during an arrhyth- 
mia, the most important being the reduction in 
cardiac output and systemic blood pressure. An 
atrial tachycardia with a relatively well 
sustained systolic pressure allows much higher 
renal blood flows than a tachycardia with the 
blood pressure at hypotensive levels. The 
cardiac rate is also an important determinant. 
Atrial fibrillation with a rapid ventricular rate 
(above 200 per minute) will cause a more 
marked drop in blood flow than atrial fibrilla- 
tion with a slower ventricular rate.* This, 
however, may be a reflection of the reduced 
cardiac output and the lower level of blood 
pressure because hypotension is more liable to 
occur with a more rapid cardiac rate. 

Another factor which appears to affect renal 
blood flow is the status of the myocardium. In 
the course of these experiments it was noted that 
if there was myocardial injury or cardiac 
dilatation due to heart failure, renal flow usually 
decreased. ‘This also is undoubtedly a reflection 
of a reduced cardiac output due to the myo- 
cardial failure. 

We did not attempt to determine the actual 
site of vasoconstriction in the renal circulation or 
whether the mechanism was humoral or 
neurogenic.4:®> The calculation of resistance 
factors only indicates an increased resistance in 
either the renal artery or in the parenchyma of 
the kidney itself. 

Aortic Flow and Peripheral Resistance: When the 
renal and aortic blood flows were recorded 
simultaneously (Fig. 2) the aortic flow and the 
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Fic. 4. Bar graph depicting mesenteric artery blood flow, mesenteric vascular resistance 
and mean blood pressure during various arrhythmias. Note the increase of the mesenteric 
vascular resistance during paroxysmal atrial tachycardia. Corresponding to this, the mesen- 
teric artery blood flow decreased but tended to return to nearly normal values upon conver- 
sion to normal sinus rhythm. Premature atrial and ventricular systoles reduced the blood 


flow but little. 


total peripheral resistance fluctuated and often 
did not parallel the circulatory changes in the 
kidney. When the total peripheral resistance 
increased following arrhythmias it returned to 
normal almost immediately upon conversion of 
the arrhythmia, but that of the kidney fre- 
quently remained elevated This suggests that 
the kidney plays a predominant role but is not 
the sole organ in the maintenance of homeo- 
stasis during arrhythmias. The circulation of 
other organs and tissues must also play a role. 
Role of Kidney in Homeostasis during Arrhythmias: 
Because 25 per cent of the cardiac output serves 
to supply the kidney, this organ plays a vital 
role in the homeostatic mechanism by virtue of 
vasoconstriction.*:*—!© A decrease in the renal 
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blood flow during the arrhythmias thus allows a 
relatively large quantity of blood to be made 
available to the general circulation. This 
increased amount of ‘available’ blood is 
utilized by the brain and myocardium, the 
vital organs least able to withstand any degree of 
However, this homeostatic 
mechanism may cause ischemia and necrosis of 
the kidney. This condition has been observed 
clinically following ventricular tachycardia.” 
These experimental studies suggest that various 
degrees of renal ischemia occur during and 
immediately following many arrhythmias. The 
renal damage caused by this ischemia is probably 
of a significant degree only when an arrhythmia 
is of long duration. 
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Fic. 5. Bar graph depicting mesenteric artery blood flow, mesenteric vascular resistance and mean 
blood pressure during various cardiac arrhythmias. Note the reduction in blood flow during the 
arrhythmias, with a tendency for the flow to return to normal values on conversion to normal sinus 


rhythm. Abbreviations as in Figure 3. 


MESENTERIC BLOOD FLOW 

We have noted when measuring the 
mesenteric circulation that the results were 
variable due to physiologic changes in the 
mesenteric vascular resistance. Atrial and 
ventricular premature systoles decreased the 
mesenteric artery blood flow very little and 
sometimes not at all. However, paroxysmal 
atrial tachycardia reduced the flow an average 
of 28 per cent (range 10 to 40 per cent) and 
atrial fibrillation reduced it an average of 34 
per cent (range 9 to 50 per cent). Upon 
conversion to normal sinus rhythm after atrial 
tachycardia or fibrillation, the flow usually 


returned to nearly normal control levels 
promptly. This rapid return of the flow to 
normal values is unlike the response that we 
have previously described in the cerebral! or 
renal circulations. However, when we cal- 
culated the resistance factor it was noted that it 
increased during a tachycardia and momentarily 
remained increased following conversion to 
regular sinus rhythm (Figs. 4 and 5). 

Difference in Response of Mesenteric, Renal and 
Cerebral Circulation: In spite of the marked 
increase in the mesenteric vascular resistance 
which occurred during cardiac arrhythmias, it 
invariably returned to near normal values soon 
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after conversion to normal sinus rhythm (Fig. 
5). This, again, is different from the response 
that we have observed in the cerebral! and 
renal circulations. In the renal circulation, 
the resistance progressively increased as the 
experiment progressed. Conversely, in the 
cerebral circulation, the resistance increased to 
a maximum early in the experiment, almost 
immediately following the production of one 
of the first arrhythmias, and remained at this 
elevated level for the balance of the experiment.! 
In contrast, the mesenteric vascular resistance 
was more labile and constantly fluctuating. 
This labile mechanism is probably important 
for the correction of circulatory homeostasis due 
to the arrhythmias. Because of the constantly 
changing resistance, a large quantity of blood 
within the mesenteric circulation (15 to 18 per 
cent of the cardiac output)® can be shunted to 
more susceptible and vital areas such as the 
brain or the heart during an arrhythmia. 

Pathologic Changes Secondary to Mesenteric 
Vascular Insufficiency: We have observed that 
many patients in arrhythmic shock present with 
symptoms of abdominal distress, including 
nausea and vomiting, abdominal pains, dis- 
tension, anorexia and sometimes diarrhea with 
or without blood. Patients who have come to 
autopsy following arrhythmias have sometimes 
demonstrated ischemic changes which have 
been called hemorrhagic duodenitis! or hemor- 
rhagic necrosis of the gastrointestinal tract.” 
These pathologic changes are probably an 
expression of ischemia of the bowel which has 
resulted from a marked decrease in blood supply 
secondary to the increased mesenteric vascular 
resistance.*.23 The’ syndrome of “mesenteric 
vascular insufficiency’ would, therefore, be an 
appropriate functional term. 

Necrosis of the gut due to a previously un- 
explained cause has been reported in congestive 
heart failure, hemorrhagic and postoperative 
shock, pheochromocytoma, as well as following 
myocardial 

Humoral and Neurogenic Factors in Hemo- 
dynamic Changes: In previous experiments,°:” it 
was noted that when vasopressor agents were 
used to raise the systemic blood pressure the 
mesenteric vascular resistance increased 
markedly and the mesenteric blood flow 
diminished further. At times, the mesenteric 
circulation appeared to shut down almost 
completely. This response allows a_ large 
volume of blood to be diverted to more vital 
centers. Others have demonstrated changes in 
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mesenteric vascular resistance due to catechol- 
amines.*—*6 The changes in the mesenteric 
resistance during cardiac arrhythmias might be 
induced by the liberation of humoral substances 
such as catecholamines. However, appropriate 
experiments have yet to be devised to determine 
if these hemodynamic changes in the mesenteric 
circulation are mediated by these humoral 
substances or by a neurogenic mechanism. 


SUMMARY 


A new accurate method of direct measurement 
of renal and mesenteric blood flow is described 
using a new electromagnetic flowmeter tech- 
nic with an integrator-computer apparatus. 

Using this technic, the effect on the renal 
circulation of various experimentally produced 
cardiac arrhythmias was studied. There was a 
significant reduction in renal arterial flow and a 
consistent and prolonged rise in the renal 
vascular resistance. This reduction in renal 
blood flow due to the increased resistance 
appears to be a homeostatic mechanism which 
helps to provide ‘available’ blood for the 
myocardial and cerebral circulations during 
arrhythmias. The decrease in renal blood 
flow often persisted even after conversion to 
sinus rhythm and a return to normal of the 
systemic blood pressure and cardiac output. 
This phenomenon is most likely due to pro- 
longed renal vasoconstriction. Arrhythmias of 
long duration may result in renal damage due 
to ischemia. 

The results in the mesenteric circulation were 
more variable. It has been shown that the 
mesenteric circulation is extremely important in 
maintaining circulatory homeostasis during 
arrhythmic shock and is a labile mechanism. 
For this reason, the mesenteric circulation could 
be called the “homeostatic watchdog” of the 
systemic circulation. The term “mesenteric 
vascular insufficiency” describes the functional 
state of reduced mesenteric flow due to 
mesenteric vasospasm and reduced cardiac out- 
put and blood pressure which occurs in arrhyth- 
mias and other circulatory disturbances. A 
correlation has been made between these 
experimental findings and with clinical states 
seen in patients at the bedside and the autopsy 
table who present with symptoms of “‘mesenteric 
vascular insufficiency.” 
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Partial Extracorporeal Circulation in Acute 


Heart Failure’ 


Nac! M. Bor, m.p.f and ANDRE P. RIEBEN, B.s. 
Burbank, California 


EART FAILURE Is an inability of the myo- 
H cardium to maintain the blood require- 
ments of the body during its varied physio- 
logic functions '~® and, as Starling claimed,® 
represents an imbalance between the venous 
return and the cardiac output.’—® From this 
it follows that the treatment of acute heart 
failure should aim at providing the needed 
amount of blood for the tissues per unit of time. 

The present day treatment of heart failure 
consists of drugs and measures which are in- 
tended to enable the heart to circulate the blood 
accumulated in the systemic veins. Compared 
to this endeavor, a recent approach proposes 
to circulate a variéd amount of blood by means 
of a heart-lung machine until the myocardium 
recovers enough to withstand the work of 
supporting the entire circulation. 

In order to accomplish this, extracorporeal 
circulation is instituted by diverting a variable 
percentage of venous return into a_heart- 
lung machine and, after oxygenation, infusing 
it into the arterial system. This prevents a 
desired amount of blood from flowing into the 
heart and saves the work the myocardium would 
have done in order to propel this portion of 
circulating blood against arterial resistance. 

The encouraging results of the pioneer in- 
vestigators'®°—” in this field prompted us to in- 
vestigate this problem in dogs with the hope 
that the information obtained thereby may be 
applicable to human cases. The present re- 
port summarizes the results on twenty-five 
dogs in which heart failure was produced and 
partial heart-lung bypass was used as the only 
therapeutic measure. 


METHODS 


Mongrel dogs, weighing 12 to 22 kg., were anes- 
thetized with pentobarbital sodium (25 mg. per kg.) 


intravenously. transthoracic sternum-splitting 
incision was made at the fifth intercostal space, with 
the animal air-ventilated through a cuffed tracheal 
tube by an intermittent positive pressure pump 
(Harvard). The pericardium was opened by a cross- 
like incision and its free edges were sewn to the chest 
wall to form a cradle to partially immobilize the heart. 
Pressures were registered via semirigid polyethylene 
tubes connected with Statham strain gauges, p23A 
and p23BB, and an Offner eight channel direct writ- 
ing oscillograph recorder. Pressures were measured 
in the left atrium by a polyethylene catheter intro- 
duced through a segmental pulmonary vein, in the 
arterial system through a femoral artery, and in the 
left and right ventricle through purse-string con- 
trolled wounds in the lateral wall. During the entire 
operation, careful hemostasis was maintained. At 
this stage of the operation the dogs were heparinized 
(2.5 mg. per kg.). 

The partial bypass was then instituted between 
major veins and a femoral artery by means of large 
plastic cannulas inserted into one or both femoral 
veins and a jugular vein (Fig. 1). After passing 
through the roller pumps the blood was raised into a 
Hyman-Abbott bagt which was suspended from a 
special post on a weight scale. This scale was con- 
nected to a strain gauge and calibrated accurately. 
By this arrangement the weight of the extracorporeal 
blood and, therefore, its volume could be controlled 
and recorded by an Offner direct writer. The prim- 
ing volume of the bag ranged between 500 to 1000 
ml. of blood. This priming blood was not cross- 
matched. After oxygenation in the bag, the blood 
was routed through the roller pump and returned 
through a short stainless steel cannula into the femoral 
artery. This arrangement of pump and bag allowed 
complete control over the inflow and outflow, either 
one of which could be independently adjusted ac- 
cording to the experimental needs. 

Procedures to Induce Heart Failure: In the preliminary 
experiments pulmonary edema was induced as a 


t Supplied through the courtesy of Abbott Pharma- 
ceutical Co, 
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+ Present address: Department of Physiology, Emory University, Atlanta, Georgia. 


juLy 1961 


A 
i 

4 
f 

Mego 
ye 
4 
Tegan 

rep 

41 
| 


42 Bor and Rieben 


LAP 
RVP 
SAP 


A) scarce 


Fic. 1. Schema of the experimental procedure. The 
arrow and curved line from the left subclavian artery 
to the left ventricular cavity represents the shunt flow 
which was used to overload the left heart in the majority 
of cases. The circuit starting from the inferior vena 
cava via the femoral veins and ending in the abdominal 
aorta represents the extracorporeal circulation used for 
treatment of heart failure. LAP = left atrial pressure; 
LVP = left ventricular pressure; RVP = right ven- 
tricular pressure; SAP = systemic arterial pressure. 


result of mitral insufficiency produced by section of 
the chordae tendineae or laceration of the mitral 
valve leaflets. Later it was found out that mitral in- 
competence could be produced by introducing a 
Tygon tube through the mitral orifice via the left 
atrial appendage.“ This tube was perforated to 
allow regurgitation of the blood from the left ven- 
tricle into the left atrium during systole. This tube 
was obstructed by a tightly fitting obturator which 
could be adjusted to permit varying degrees of mitral 
insufficiency by pulling the obturator back, thereby 
opening more holes and increasing the regurgitation. 

In approximately 60 per cent of the dogs the left 
atrial pressure rose significantly and pulmonary con- 
gestion followed the production of the mitral in- 
sufficiency. However, in the remaining dogs this 
procedure did not cause elevation of the left atrial 
and pulmonary pressures to levels comparable to 
those of pulmonary edema.":" Such a rise could 
only be accomplished as a result of left ventricular 
failure. When the experiments were arranged to 
produce left heart failure, a pathophysiologic picture 
was obtained which corresponds to a frequent clinical 
emergency: left ventricular failure with pulmonary 
edema. 

The left ventricular decompensation was produced 
by shunting blood from the left subclavian artery into 
the left ventricular cavity via a plastic cannula in- 
serted through a stab wound at the apex. The flow 


50° 
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Fic. 2. At point A the shunt between left subclavian 
and left ventricular cavity was started; the marked rise 
of pressure in left and right ventricle is seen. Following 
the initiation of partial heart-lung bypass at point B, 
these pressures are reduced. RAP = right atrial pres- 
sure; LAP = left atrial pressure; Bag wt. = the weight 
of the plastic bag oxygenator indicating extracorporeal 
blood volume; SAP = peripheral arterial blood pres- 
sure. 


in this circuit was controlled and maintained by a 
variable speed roller pump and ranged from 200 to 
1200 ml. per minute. By manipulating the flow rate, 
the left ventricular diastolic and left atrial pressures 
could be increased to failure levels. In three dogs de- 
compensation occurred only after one hour of over- 
loading by this shunting system. In four others small 
branches of coronary arteries had to be ligated before 
heart failure occurred. 

After the heart failure was initiated by one of these 
procedures or a combination of them, control pres- 
sures were recorded. The bypass circulation was 
initiated then between the caval veins and one of the 
femoral arteries (Fig. 1). The influence of various 
flow rates on the various chambers of the heart and 
peripheral arterial pressure was studied for periods 
up to three hours. Pressure contours, heart rate, 
strength of myocardial contraction and rhythm altera- 
tions were also studied. 


RESULTS 


Influence of Partial Heart-Lung Bypass on Heart 
Size and Cardiac Chamber Pressures: Heart fail- 
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Parual Heart-Lung Bypass in Heart Failure 


TABLE I 


Cardiac Chamber Pressures Before and During Partial Heart-Lung Bypass* 
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Left Atrial Mean Pressure Right Ventricular Pressure Left Ventricular Pressure 
(mm. H,O) (mm. H,O) (mm. Hg) 
Case No. 
Before During Before During Before | During 
Bypass | Pefore | Bypass | B Before | Bypass | B 
Failure ypass yP Failure yP Failure yP 

Bi 80 490 238 250 580 258 
Bz 120 400 106 250 500 140 70 60 65 
B; 110 450 120 230 560 148 68 64 70 
By 95 185 88 190 380 155 
B; 118 198 77 220 340 90 Sa aaa 
Be 60 530 125 235 550/20 158 115 70/45 75 
B; 80 510 136 180 300/30 100 88 60/30 75 
Bs 36 260 120 300 440/20 240/20 aha seg 
B, 70 410 88 154/10 350/30 160/10 185 90/5 70 
Bio 30 320 120 
Biz 46 248 118 160 464 150 54 105 65 
Bis 92 420 134 340 550 150 115 50/20 50 
Bus 94 260 116 200 340 150 75 75 75 
Bis 76 310 160 240 380/60 100/20 at bi 
Bis 130 380 76 460 750 233 155 165 85 
Bi; 126 176 58 300 500/40 200 150 85 80 
Bis 100 230 80 288 600/220 380/20 
Bis 86 286 88 240/2 860/350 360 
Mean 84.68 428 .42 114.31 241 496 186 104 82 71 


* Only the systolic levels of right and left ventricular pressures are recorded unless there were significant changes in 


diastolic pressures. 


ure was ‘induced in twenty-five dogs with the 
method described previously. When the left 
atrial pressure rose to levels indicative of fail- 
ure (above 200 mm. H,O),'*—!? and when the 
heart became dilated and its contractions 
weaker, the pump oxygenator was started with 
a flow rate of 20 to 25 ml. per kg. per minute. 
This was usually followed by a sudden drop 
in left ventricular diastolic, left atrial, right 
ventricular as well as systemic venous pres- 
sures and gradual reduction in the size of the 
heart with visible improvement in the contrac- 
tions of the myocardium. In the meantime 
the color of the myocardium became p’nk and 
extrasystoles disappeared. 

The pressure recordings of a typical exper- 
iment are illustrated in Figure 2. In this case 
laceration of the mitral valve did not produce 
a marked rise in the left atrial pressure. At point 
A the shunt between the left subclavian artery 
and the left ventricular cavity was started with 
a flow rate of 300 ml. per minute and later 
increased to 500 ml. per minute. As is seen 
in Figure 2, the right and left atrial pressures 
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rose significantly. This rise in the pressures 
was followed by dilatation of the heart and 
numerous extrasystoles. At point B cardio- 
pulmonary bypass was started with a flow rate 
of 300 ml. per minute. Immediately following 
this the left and right atrial pressures dropped. 
In a very short time these pressures were re- 
duced to their original levels. The peripheral 
arterial blood pressure was maintained con- 
stant. 

During the first few minutes of the by- 
pass maintenance of the peripheral arterial 
pressure was rather difficult and needed care- 
ful balancing of inflow and outflow of the ma- 
chine. This was only possible by keeping the 
blood volume of the dog at pre-bypass levels, 
and preventing unnecessary transfusion by 
monitoring the weight of the plastic bag oxy- 
genator. 

In some experiments flow rates of 25 to 50 
ml. per kg. per minute did not control the heart 
failure. In these instances adequate decreases 
in the chamber pressures and reduction in the 
size of the heart were attained by increasing 
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TABLE I 
Cardiac Chamber Pressures During and After Discontinuing Partial Heart-lung Bypass 
Peripheral Right Left 
Arterial Ventricular Ventricular 
Blood Pr. oe Systolic Systolic 
Case Pressure (mm. H,0) Pressure Pressure 
No. (mm. Hg) (mm. (mm. Hg) Comments 
During | After | During | After | During|} After | During; After 
Bypass | Bypass | Bypass | Bypass | Bypass | Bypass | Bypass | Bypass 

C; 70/35 | 85/45 80 80 50 320 50 85 |Heart was able to support the cir- 
culation after discontinuation of 
bypass. 

C, | 108/80 | 105/60 52 48 300 260 ye ...  |Heart was able to support the cir- 
culation after discontinuation of 
bypass. 

C; | 85/60 110/65 36 36 50 350 75 115 |Left atrial pressure rose for a short 
while upon discontinuation of 
bypass. Later, heart became 
compensated. 

D; 60/35 55/30 74 220 | 160/5 | 580/60 64 | 74/10 |Upon discontinuation of bypass, 
heart failure returned. 

Dz 65/35 35/20 60 392 70/10 | 25/20 | 60/35 | 45/25 |Upon discontinuation of bypass, 
heart enlarged, cardiac chamber 
pressures rose and later ventricu- 
lar fibrillation set in. 


the flow rate gradually to higher levels. 

The results of nineteen experiments are sum- 
marized in Table 1. The control’ mean pres- 
sures in the left atrium ranged from 30 to 120 
mm. H:O with an over-all mean of 84 mm. 
H2O. When failure was induced these pres- 
sures rose to levels ranging from 170 to 510 
mm. H2,O. These figures compare favorably 
with those reported.'*-®° Application of ex- 
tracorporeal circulation with an appropriate 
flow rate, which was different in each case, 
reduced these pressures to levels comparable 
to those of controls. 

The response of pressures in the right ven- 
tricle was in the same direction as that of the 
left atrium. Here the control systolic pressures 
ranged from 154 to 460 mm. H.O, with an aver- 
age of 241 mm. H:O. When failure was in- 
stituted the right ventricular systolic pressure 
ranged from 300 to 860 mm. H,O, the mean 
being 496 mm. H.O. The partial heart- 
lung bypass caused a significant reduction in 
these pressures and was followed by improve- 
ment of the circulation (Table 1). 

The left ventricular pressure was measured in 
ten cases and the diastolic pressure was ele- 
vated in four cases (Table 1, Cases Bs, B;, By and 
B,3) while in the rest it was not altered signif- 


icantly. The left ventricular systolic pressure 
either went up, stayed the same or fell. All 
these abnormal pressures tended to return to 
their original values when the heart-lung ma- 
chine was operated. 

In some cases cardiac failure was alleviated 
by a short run of the bypass. However, im- 
mediately after discontinuation of the perfu- 
sion, the heart returned again to its decom- 
pensated state. In these instances additional 
bypass of twenty to thirty minutes frequently 
enabled the heart to carry the circulation with- 


‘out any sign of failure when the perfusion was 


stopped for the second time. 

Table m shows the typical course of events 
upon discontinuation of partial extracorporeal cir- 
culation. In the first two cases (C,; and Cg) 
the heart could support the circulation when 
the pump was turned off, individual cardiac 
chamber pressures remaining the same as 
during perfusion. In the third case (C3), 
however, the left atrial mean pressure rose to 
140 mm. H,O upon discontinuation of the 
partial bypass as the heart showed signs of 
failure and later gradually came down as the 
heart recovered. 

In the last two cases in Table nu, cardiac 
failure returned upon discontinuation of the 
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Fic. 3. Effects of increasing extracorporeal flow rate on 
cardiac chamber pressures. Heart failure is evident at 
the beginning of the recording where the left atrial pres- 
sure is 300/120 mm. H.O and diastolic left ventricular 
pressure, 5 mm. Hg. At point A the partial heart-lung 
bypass is started with a flow rate of 20 ml. per kg. per 
minute, which causes some reduction in left atrial and 
right ventricular pressures. This drop is more obvious 
with 33 ml. per kg. per minute of bypass flow (point B). 
However, when the flow rate is increased to 46 ml. per 
kg. per minute (point C), the peripheral arterial and left 
ventricular systolic pressures drop, left ventricular di- 
astolic pressure rises to 15 mm. Hg and left atrial pres- 
sure also rises. Abbreviations as in Figure 1. 


partial extracerporeal circulation. In Case 
D, when the pump oxygenator was stopped, 
the left atrial mean pressure rose to 220 mm. 
H,O and right ventricular pressure to 580/60 
mm. H,O. In this case additional bypass of 
thirty minutes was followed by compensation 
when the heart-lung machine was stopped for 
the second time. In case D2 decompensation 
followed the discontinuation of bypass and 
ended in ventricular fibrillation. 

Optimal Extracorporeal Flow Rate: In most of 
the cases, after the failure was produced, by- 
pass was started with a flow rate of 20 to 25 ml. 
per kg. per minute. This was usually followed 
by a significant improvement in the circula- 
tion. Increasing the flow rate to 50 ml. per 
kg. per minute reduced the elevated pressures 
further. A higher flow rate, however, in some 
instances caused return of heart failure with all 
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of its manifestations, as is demonstrated in 
Figure 3. In this dog mitral insufficiency 
caused heart failure without the use of the sub- 
clavian artery-left ventricle shunt. Starting 
the partial heart-lung bypass with a flow rate 
of 300 ml. per minute (20 ml. per kg. per minute) 
reduced the right ventricular pressure slightly. 
The circulation of the dog was significantly 
improved when the flow rate was increased 
to 500 ml. per minute (33 ml. per kg. per min- 
ute). However, return of failure (manifested 
by marked enlargement of the heart, reduction 
of systolic and elevation of diastolic pressure 
in the left ventricle, a marked rise in left 
atrial pressure, irregularities of rhythm and 
visible reduction of the contractile force) was 
observed when the flow was increased to 700 ml. 
per minute (46 ml. per kg. per minute). 

Influence of Bypass on Severe Hypotension: In 
sixteen of twenty-five dogs severe hypotension 
occurred late in the course of the experiment. 
In these instances it was possible to maintain 
their peripheral arterial pressures at near nor- 
mal levels by perfusing the animal with an 
appropriate flow rate. Data of these exper- 
iments are summarized in Table m1. 

A typical case is illustrated in Figure 4. 
This dog had been in failure and placed on 
bypass for several hours. During this time the 
blood pressure was maintained around 90/65 
mm. Hg. Suddenly it was observed that the 
general condition deteriorated, failure returned 
and blood pressure dropped to 50/32 mm. 
Hg, despite the fact that the heart-lung ma- 
chine was circulating the same amount of blood 
per minute as before. At this time the pump- 
oxygenator was turned off. As can be seen 
from the figure the blood pressure dropped to 
30/15 mm. Hg. Starting the bypass with a flow 
rate of 300 ml. per minute caused a gradual 
rise of blood pressure to 60/35 mm. Hg and a 
flow rate of 700 ml. per minute, to 75/58 mm. 
Hg. The fact that this rise in blood pressure 
was not due to a spontaneous recovery is proved 
by return of severe hypotension following dis- 
continuation of the perfusion. 

In numerous cases it was possible to maintain 
a normal blood pressure with assisted circula- 
tion until the animal became able to sustain 
its own pressure at physiologic levels without 
further help. In one case the blood pressure 
dropped to 20/8 mm. Hg. Partial heart- 


lung bypass with a flow rate of 300 ml. per 


minute (20 ml. per kg. per minute) brought the 
blood pressure to 55/35 mm. Hg. A gradual 
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TABLE 
Shock 


Peripheral Arterial Blood Pressure (mm. Hg) 
(flow rates, 0-1200 ml. per minute) 


Case No. Pump Off 


Control 500 700 840 1000 1200 

32/18 70/48 80/55 80/55 
Az 20/12 85/60 115/70 125/80 140/88 150/96 a 
As; 55/28 58/28 60/32 70/50 110/80 110/94 132/96 
Ag 20/10 52/43 65/45 65/48 70/50 90/63 cat 
As 15/5 25/20 70/45 60/45 58/45 55/35 bist 
Ags 20/15 25/18 68/43 80/52 80/55 80/55 94/58 
Ay 35/10 50/25 64/32 78/40 90/43 95/40 as 90/38 
As 25/15 55/35 65/40 76/52 84/60 90/62 100/65 108/80 
Ag 30/15 56/40 75/55 88/55 104/60 106/66 ars 40/20 
Au 15/10 55/40 58/35 60/30 65/38 80/38 80/45 75/50 
Au 50/26 70/42 75/48 115/55 118/64 120/70 PGs 75/40 
Ar 30/26 32/20 35/20 40/30 50/35 70/45 75/50 75/50 

s: Ais 20/10 50/35 65/40 70/45 132/68 130/98 oe 75/50 

Au 17/8 25/15 45/25 70/45 70/55 80/65 100/75 15/8 
Aus 35/15 42/22 50/35 90/70 130/86 140/100 oy 98/64 
Ais 25/15 35/20 50/30 62/44 70/48 75/50 re 

27/14 76/49 97 /64 77/64 75/45 


measures attempting to enable the heart to 
handle the work required for adequate circula- 
tion. The phlebotomy, practiced even by early 
physicians, on the other hand, showed the bene- 
fits of reducing the work of the myocardium in 
such emergency conditions. It is well known, 


rise in the extracorporeal flow rate was closely 
paralleled by a rising blood pressure. After 
a perfusion of thirty-five minutes this dog was 
able to maintain its own blood pressure at 
physiologic levels without further help of the 
heart-lung machine. 


It is important to note that in some cases 
with severe hypotension it was possible to in- 
crease the peripheral arterial blood pressure 
significantly without transfusion during the 
bypass procedure. However, in the majority 
of the instances a small amount of transfusion 
(20 to 30 ml.) was needed in order to increase 
the rate of extracorporeal blood flow from one 
step to another. In some cases in which the 
venous return was adequate to increase the flow 
rate there was no need to increase the blood 
volume of the dog to raise the blood pressure. 
The total amount of transfusion usually was 
about 100 ml. and enabled us to increase the 
rate of flow as high as 120 ml. per kg. per min- 
ute. This amount of blood was sometimes re- 
covered when the bypass was stopped. 


COMMENTS 


Acute heart failure, whether it involves only 
the left or right heart or both sides combined, 
is a hemodynamic catastrophe frequently re- 
sulting in death because of pulmonary edema. 
Its treatment at present consists of drugs and 


however, that removal of a large amount of 
blood from patients in severe heart failure often 
induces shock. Some of these patients are 
already hypotensive when they arrive at the 
hospital. Therefore, their clinical picture even 
though it may have started as a hypervolemic 
heart failure can no longer be benefited from 
exsanguination. 

This important consideration stimulated a 
great deal of research in the last two decades 
and intra-arterial transfusion was introduced 
as a treatment for such cases.4-*® Some in- 
vestigators went so far as considering intra- 
arterial transfusion as a secondary heart”® 
in cases of severe shock. It was shown by sev- 
eral investigators”®® and recently confirmed 
by Miller et al.?’ that the intra-arterially trans- 
fused blood reaches the coronary and cerebral 
vessels in a few seconds instead of pooling in 
the venous system as is the tendency if blood is 
transfused intravenously. Proper filling of the 
coronary arteries requires considerable arterial 
pressure. Intra-arterial perfusion elevates the 
peripheral arterial pressure; therefore, the im- 
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Fic. 4. Experiment demonstrating effect of bypass on hypotension. Peripheral arterial pressure: arterial blood 
pressure in this dog dropped to 35/18 mm. Hg. Starting partial bypass with a total flow rate of 300 ml. per minute 
brought the blood pressure to 60/42 mm. Hg. By increasing the flow rate of the machine gradually to 700 ml. per 
minute, it was possible to bring the systemic arterial] blood pressure to 85/60 mm. Hg. When the pump was stopped the 


blood pressure dropped again to 35/20 mm. Hg. 


The upper channel recording is the right ventricular pressure; 


second channel, the right atrial pressure; third, the left ventricular; and the bottom channel is the peripheral arterial 


blood pressure. 


provement in oxygenation of the myocardium 
which results may be adequate to restore the 
myocardial function if no irreversible damage 
has occurred.”’ It has recently been shown by 
Storli et al.?* that the impaired coronary cir- 
culation of dogs in right heart failure is restored 
to normal limits following partial heart-lung 
bypass. 

Even though introduced with these considera- 
tions, intra-arterial transfusion actually found 
very little application because of the fact that 
the transfused amount of blood increases the 
work of the heart. This increased work may not 
be tolerated by the myocardium and may pre- 
cipitate decompensation. This is in agree- 
ment with Maloney et al.?® whose experiments 
showed no difference in results of cases trans- 
fused intra-arterially or intravenously. The 
experience gained from the use of the two 
methods of transfusion pointed to the need 
of better ways of helping the failing heart 
mechanically. 

Extracorporeal circulation represents a com- 
bination of the two methods discussed above. 
Actually it is a continuous venous exsanguina- 
tion combined with a continuous intra-arter- 
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ial transfusion. A varied percentage of blood 
never reaches the heart and is circulated by the 
pump; therefore, it is assumed that the “‘myo- 
cardial work’? is much less under bypass con- 
ditions.*° 

The potential advantages of the _heart- 
lung bypass was appreciated early in the de- 
velopment of the heart-lung machines. Sev- 
eral investigators pioneered in the application 
of this method to the treatment of numerous 
heart diseases varying from cor pulmonale to 
myocardial infarction.'°*! The success at- 
tained by these investigators suggested that 
accumulation of knowledge on the influence 
of partial extracorporeal circulation on the 
failing circulation may make its use possible 
in clinical medicine. The knowledge needed 
in order to accomplish this goal is not avail- 
able at the present time.*®:** Even though it 
was shown by Galletti. and Salisbury® and 
confirmed by Wyman et al.** that following 
initiation of partial heart-lung bypass the heart 
rate slows down and the cardiac output can be 
reduced by the amount circulated through the 
pump-oxygenator, much of the hemodynamic 
as well as metabolic effects of incorporating 
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a pump into the circulation remains unknown. 
It is logical that elucidation of these problems 
will help outline the indications as well as the 
contraindications of this procedure and enable 
one to use this method judiciously in clinical 
practice. 

Criteria for Heart Failure: In pursuing these 
experiments we became aware of the fact that 
there is no standardized and uniformly ac- 
cepted method of producing heart failure. 
Therefore, it was necessary to use the widely 
accepted criteria for diagnosis of myocardial 
failure and to consider the details of the pro- 
cedure of inducing decompensation of second- 
ary importance.’ +1°"18,35,36 

Most investigators accept dilatation of the 
heart with elevation of ventricular diastolic 
and atrial pressures as indicative of heart 
failure. It can be seen from Table 1 that left 
atrial pressure rose to very high levels, 428 mm. 
H,0 as an over-all mean. This figure compares 
favorably with the figures mentioned in the 
literature as indicative of heart failure.!*""* 
Ventricular diastolic pressures were also found 
high in cases where they were measured. These 
impressive elevations of pressures were ac- 
companied by marked enlargement of the heart, 
rhythm alterations and visible reduction of 
contractile power of the myocardium. 

Treatment of Acute Heart Failure: It is ap- 
parent from our results that acute heart failure 
can be improved by partial heart-lung bypass. 
When the heart is dilated and accompanied by 
increased atrial and ventricular pressures, the 
initiation of the partial heart-lung bypass 
reduces the size of the heart and brings the 
elevated pressures to normal levels. The 
fact that improvement was not temporary is 
proved by the observation that after stopping 
the extracorporeal circulation following a period 
of bypass the majority of cases remained in 
compensation. In some cases, however, failure 
returned when the bypass was stopped. Most 
of the animals of this last group were again 
placed on partial extracorporeal circulation 
during which time the failure was controlled. 
It was noted that the recovery of the myo- 
cardium was related to the total bypass time; 
dogs which had failure following ten to twenty 
minutes of partial perfusion did well if they were 
perfused longer. 

Dogliotti!® reported a case in which a patient 
suddenly went into circulatory failure while 
a mediastinal operation was being performed, 
but responded favorably to immediate partial 


venous-arterial bypass. This patient’s general 
condition improved, heart failure disappeared 
and blood pressure returned to normal limits 
after twenty minutes of the procedure. He 
stated that the patient was well two months 
after the operation. 

It can be concluded from our results and 
substantiated by the case history reported by 
Dogliotti that acute heart failure may be al- 
leviated by the use of partial extracorporeal 
circulation. In instances in which the conven- 
tional therapy does not bring forth improve- 
ment, compensation can be achieved by par- 
tial heart-lung bypass. If this is continued 
for a sufficient period of time the heart may 
be able to support the circulation after partial 
extracorporeal circulation is stopped. 

Treatment of Chronic Heart Failure: Reports 
of Helmsworth," Stuckey,” Dickson*’ and their 
associates are concerned with chronic cardiac 
or cardiopulmonary failure due to a variety 
of causes. ‘They have shown that the patients 
can be improved significantly as soon as the 
bypass procedure is begun. However, this 
improvement may not be permanent. Whether 
future research will reveal information which 
may enable bringing permanent improvement 
to these chronic failure cases is yet to be seen. 
Stuckey and his collaborators,” using medical 
treatment in combination with partial ex- 
tracorporeal circulation, have shown that there 
is no question that an acute exacerbation of 
chronic heart failure can be controlled by this 
method. 

Complications: It is likely that further re- 
search and clinical experience with extra- 
corporeal circulation in heart failure will ex- 
pose complications which cannot be foretold. 
It is certain, however, that this method of 


‘treatment is not to be used indiscriminately. 


This conclusion is suggested by the work of 
Patt et al. who used venoarterial pumping: in 
normal dogs and dogs with coronary occlusion.** 
Salisbury has shown that vein to artery per- 
fusion was deleterious or had no effect on left 
ventricular heart failure; however, it was bene- 
ficial in right ventricular failure.*® Our ex- 
periments have shown that some extracorporeal 
flow rates are deleterious to the subject. This 
is seen in Figure 3; high rates of output of the 
pump-oxygenator caused a deterioration of the 
general condition and return of circulatory 
failure in the dog. The cause and hemody- 
namics of this phenomenon are under investi- 
gation at the present time. 
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Effect on Hypotension and Shock: An important 
by-product of these experiments was the ob- 
servation that peripheral arterial blood pres- 
sure could be maintained at normal levels for 
as long as desired. In some cases where shock 
returned following discontinuation of partial 
extracorporeal circulation longer periods of 
bypass enabled the animal to sustain its blood 
pressure at physiologic levels when the per- 
fusion was stopped for the second time. 

This observation raised the question whether 
the blood pressure could be maintained at 
desired levels in severe shock of various eti- 
ologies and whether metabolic consequences of 
long term bypass would respond favorably 
to this procedure. These problems are being 
investigated at the present time. 

Several investigators in the past have stated 
that they were able to raise the blood pressure 
to near normal levels by increasing the flow 
rate of the heart-lung machine during complete 
cardiopulmonary bypass.*°-*® Kuhn et 
recently have proposed obstructing the lower 
portion of the aorta by a balloon, thereby in- 
creasing the resistance to blood flow, mean- 
while perfusing the dog by a heart-lung ma- 
chine. 


SUMMARY 


Acute heart failure was produced in twenty- 
five dogs by a combination of mitral insuf- 
ficiency, overtransfusion and ligation of small 
branches of coronary arteries in order to 
study the effects of partial extracorporeal cir- 
culation. It was found that the failing heart 
returned to compensation following short periods 
of partial perfusion. In some other ani- 
mals the failure was more profound and longer 
periods of partial perfusion were necessary 
before their hearts could maintain compensa- 
tion. 

There was an optimal flow rate which most 
benefited the failing heart. This was dif- 
ferent for each dog and varied under different 
conditions in the same animal. 

Severe persistent hypotension set in after 
several hours of experimentation in several 
dogs, but the blood pressure of these animals 
was restored to normal by means of partial 
extracorporeal circulation with appropriate flow 
rates. 
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New Methods 


High Frequency Phonocardiography’ 


Autpo A. LuIsADA, M.D., F.A.c.c. and GIULIANO DI BARTOLO, M.D. 


OST CLINICAL PHONOCARDIOGRAMS have 

been recorded so far in either the me- 
dium-low (60 to 150 c.p.s.) or the medium-high 
(150 to 300 c.p.s.) frequency range. Leatham! 
was one of the first to call attention to the fact 
that tracings recorded in the medium-high 
frequency range reveal with special clarity 
acoustic phenomena of clinical importance 
(clicks, snaps, components of either the first 
or second sound, rubs, soft blowing murmurs). 
Other authors?—* also recorded clinical tracings 
in the medium-high and even the high fre- 
quency range. However, their tracings were 
hampered by the fact that until recently most 
apparatus had a limited high frequency response 
characteristic. 

Clear tracings in the high frequency range 
(above 300 c.p.s.) can be recorded by using the 
new standardized and calibrated apparatust 
described previously.*’ Hence, a systematic 
study of the high frequency vibrations created 
by the normal or abnormal heart was made 
possible. 


METHOD AND MATERIAL 


This study was made by means of the new phono- 
cardiograph of Luisada and Zalter.*7 This is based 
on a Krohn-Hite band pass filter with a slope of —24 
decibels per octave at each end of the band (Fig. 1). 
The present study made use of two galvanometers, 
the No. 1100 and the No. 3000, both having a linear 
frequency response up to two-thirds of their maximal 
response (respectively 700 and 2000 c.p.s.). 

Amplification: The problem of preventing two pos- 
sible sources of artifacts when using great amplifica- 
tion was solved in the following ways: 

(1) An additional variable filter with a slope of 
—12 decibels per octave was placed between pre- 
amplifier and band pass filter. This prevented over- 
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* From the Division of Cardiology of The Chicago Medical School and Mount Sinai Hospital. This study was made, 
under the tenure by Dr. Luisada of an Under graduate and a Graduate Training Grant of the Natic~al Heart Institute. 
U. S. Public Health Service, and with the aid of Grant H-3785 by the National Heart Institute. 


loading of the band pass filter by low frequency vibra- 
tions and resulted in an over-all slope of up to —36 
decibels per octave (Fig. 1). 

(2) Care was taken to give only a moderate in- 
crease of amplification in the preamplifier (not more 
than 30 decibels) and a greater amplification in the 
postamplifier. Special tests were performed with a 
signal generator creating a sine wave at 60 or 120 
c.ps, with a magnitude comparable to that of the 
human heart sounds. These tests revealed that no 
transients or overtones were created by the system. tf 

Frequency Bands: According to a previous sug- 
gestion,® six frequency bands were usually recorded 
as follows: 30-60, 60-120, 120-240, 240-480, 500- 
1000 and 1000-2000. In the present study, only the 
last two bands plus occasional higher bands (1500- 
2000 or 2000-2500) were considered. However, com- 
parison was also made between the vibrations re- 
corded in these bands and those of lower frequency 
bands. 

Method of Recording: The apparatus recorded the 
following tracings simultaneously : 

(1) An electrocardiogram. 

(2) A “stethoscopic” tracing§ (by means of a 
Sanborn twin-beam connected with one of the six 
channels of the new phonocardiograph). 

(3) A filtered tracing in the desired octave band. 

(4) Occasionally, a suprasternal pulse tracing, an 
ultralow frequency tracing of the apex, or a low 


} This apparatus was built with the collaboration of the 
Altec-Lansing Corp., Pasadena, California, the Krohn- 
Hite Co., Boston, Massachusetts, and the Electronics 
Limited Co., London, England. The preliminary studies 
involved in its construction were partly made by H. 
Hodara, m.s.; further refinements and calibration were 
contributed by G. Gabriel, m.s. in this laboratory. 

t These tests were performed by Mr. G. Gabriel, m.s. 
of the Illinois Institute of Technology. 

§ This tracing is obtained through the use of a dy- 
namic microphone which has a response equal to a rise 
of 6 decibels per octave with increase in frequency, and 
a nearly flat response of the amplifier. 
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Fic. 1. Characteristics of the band pass filter combined 
with an RC high pass filter (continuous line). The dotted 
line represents the high pass section of the band pass filter 
alone. The RC filter is set at one quarter of the low cut 
off of the band pass filter resulting in a slope of —29 
decibels per octave between —12 and —72 decibels. 


frequency acceleration tracing of the midprecordium 
were also recorded for the identification of certain 
vibrations. 

The microphone was applied on the skin of the pre- 
cordium by means of a suction cup. A small stop- 
cock, closed soon after the application, prevented the 
establishment of a positive air pressure in the cup. 
The Altec (capacitance) microphone was about 1 cm. 
from the skin and air transmission carried the vibra- 
tions from the skin to the microphone. A side con- 
nection from the same funnel carried air vibrations to a 
dynamic microphone for the “stethoscopic” tracings. 
Most of the tracings were recorded over the third 
and fourth intercostal spaces with the rim of the cup 
at 2 cm. from the left sternal margin. Most of the 
significant vibrations of the heart are recorded in 
this central area, called the ‘‘midprecordium.” 
Some tracings, however, were recorded in the fourth, 
fifth or sixth intercostal spaces (apex), in the second 
left (pulmonic area) or in the second right intercostal 
space (aortic area). The patient was instructed to 
hold his breath in expiration after a small inspiration 
and the tracings were always recorded in apnea. 

Following the recording of the phonocardiogram 
in the lower frequency bands, the higher bands were 
explored. The degree of amplification was increased 
normally in order to clearly bring out the vibrations 
of the heart sounds (or of high pitched murmurs, if 
the sounds were poorly visible). Usually, tracings 
were recorded until the heart sounds or murmurs dis- 


Fic. 2. Normal man of twenty-one years. Tracings 


recorded at the midprecordium. From above: electro- 
cardiogram; “‘stethoscopic’? phono; filtered phono 
(band 1000-2000 cycles per second). The first sound 
has two groups of vibrations while the second is repre- 
sented only by a small vibration. Time lines indicate 
0.04 second (film speed = 80 mm./second in this, as well 
as in the subsequent tracings). M = mitral component; 
A = aortic component of first sound. Notations are 
made according to previously published suggesticns (Am. 
J. Cardiol., 4: 40, 19598), 


appeared or were overshadowed by “‘noise.” In cer- 
tain cases, an intermediate half-octave band was re- 
corded. For example, occasionally a band 750-1000 
or 1000-1500 clearly revealed the sounds when a full 
band was unable to do so. 

The degree of amplification in decibels was usually 
noted. 

Case Material: The study was made in forty-seven 
cases as follows: 


Five subjects without evidence of heart disease. 

Ten cases of pure or predominant mitral stenosis. 

Eight cases of pure or predominant aortic 
stenosis. 

Three cases of pure or predominant mitral in- 
sufficiency. 

Four cases of pure or predominant aortic in- 
sufficiency. 

One case of hypertensive heart disease. 

One case of chronic cor pulmonale. 

Six cases of subacute or chronic myocarditis. 

Three cases of congenital heart disease. 

Two cases of pericarditis. 

Four cases with murmurs in which no final diag- 
nosis was made. 
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Fic. 3. Borderline case. Twelve year old boy. Tracings 
recorded at the midprecordium. From above: electro- 
cardiogram, “‘stethoscopic” phono, filtered phono (band 
600-800 cycles per second). The first sound shows two 
groups of vibrations; the second group (A) is larger 
than the first group (M). The second sound also shows 
two groups of vibrations, A (aortic) and P (pulmonic). 


RESULTS 


GENERAL FINDINGS 


The study of the high frequency vibrations 
revealed these basic characteristics. 

(7) Duration: The groups of high frequency 
vibrations were usually shorter than those re- 
corded in the medium-low frequency bands 
(Figs. 2, 3, 4B). 

(2) Timing: The high frequency vibra- 
tions often appeared at the beginning of the 
equivalent vibrations in the medium-low bands. 
Sometimes they coincided with the peaks of such 
vibrations. As they were shorter, their end 
occurred earlier than that of lower frequency 
vibrations (Figs. 2, 3, 4B). 

(3) Amplitude: According to a law of 
physics, the amplitude of all sound vibrations 
decreases in passing from the lower to the 
higher frequency bands. In order to register a 
tracing which can be correctly interpreted, 
greater electronic amplification is necessary for 
the higher frequencies (50 to 70 decibels for the 
No. 3000 galvanometer, 40 to 50 decibels for 
the No. 1100 galvanometer). In certain cases, 
this greater electronic amplification was fol- 
lowed by an increase in amplitude of certain 
components of the heart sounds and murmurs. 
This was called relative increase. In other cases, 
on the contrary, the amplitude of these vibra- 
tions decreased in spite of the greater amplifi- 
cation. The term relative decrease was used for 
this. 

(4) Clarity: Several clinical phenomena 
were revealed better by the high frequency 
bands. These included the physiologic or patho- 
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logic splitting of the first sound; the physiologic 
or pathologic splitting of the second sound; the 
opening snap and certain murmurs. 

Tracings recorded in the high frequency bands 
often revealed more clearly the shape of a 
murmur (presystolic in crescendo, _ systolic 
diamond-shaped or crescendo, diastolic decre- 
scendo, etc.). Of the various valvular defects, 
the murmurs of mitral insufficiency and aortic 
insufficiency were particularly well revealed by 
the high frequency bands. In cases of aortic 
stenosis, the high frequency vibrations were well 
represented in the murmur and were centrally 
located (near the peak), so that the murmur 
appeared shorter than in the medium-low 
bands. 


HEART SOUNDS 


In normal cases, the first sound was either 
relatively decreased (three out of five cases) 
or increased (two out of five) in amplitude; 
it was always shorter in duration, and it almost 
always (four out of five cases) occurred early.* 
The second sound always had a relative increase 
in the 500-1000 band while a relative decrease 
occurred in two out of five cases above 1000 
c.p.s. This sound was often shorter and oc- 
curred early (three out of five cases).* 

In cases with questionable splitting of the 
first or second sound, the high frequency 
bands always revealed a definite splitting of 
these sounds. In some of the cases, splitting 
was only present in the high frequency bands. 
Minor murmurs of these subjects always dis- 
appeared in the high frequency bands. 

A relative increase of the first and second sounds 
in the high frequency range was usually found 
in cases of mitral stenosis (Figs. 4, 5), mitral 
insufficiency and pericarditis. Relative in- 
crease of the second sound was commonly found 
in aortic insufficiency (Fig. 6), hypertensive 
heart disease and cor pulmonale. 

A relative decrease (or disappearance) of the 
first and second sounds in the high frequency 
range was noted in cases of aortic stenosis 
(Fig. 7) and in two-thirds of the cases with 
myocarditis or congenital heart disease. 

The high frequency vibrations of both the 
first and second sound often occurred earlier 


* Early occurrence means that the high frequency 
vibrations took place at the time of the early vibrations 
of the “stethoscopic” tracing. They started with the 
first large vibrations of the heart sounds in the latter 
tracing and terminated within the first one-half or two- 
thirds of these sounds. 
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Fic. 4. Mitral stenosis in a sixty five year old woman with atrial fibrillation. 
Variable duration of diastoles and systoles. From above: electrocardiogram, 
*‘stethoscopic”’ tracing and filtered tracing. A, recorded in the band 240-480. 
B, band 500-750. In both filtered tracings, one can observe a variable split- 
ting of both the first and the second sounds, and also an opening snap (KD). 
In (A) a small systolic murmur and a few diastolic vibrations are visible. 
In (B) the second sound is extremely reduced in amplitude. Certain cycles 
simulate a triplication of the second sound (A, P, KD). 
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Fic. 5. Mitral stenosis (severe) and insufficiency (mild) in a thirty-five year 
old woman. From above: filtered tracing at apex (240-480 cycles per second), 
stethoscopic tracing within apex, electrocardiogram. Presystolic (d) and 
systolic (S) murmurs, opening snap (KD), minor diastolic vibrations. 


Fic. 6. Aortic insufficiency in a twenty-one year old woman. Diastolic murmur 
(crescendo-decrescendo type) revealed by the highest frequency ranges. A, 
from above: electrocardiogram, “‘stethoscopic” tracing, filtered tracing (750-— 
1000). B, from above: ‘‘stethoscopic’’ tracing, pulse of suprasternal notch, 
filtered tracing (1000-2000). 
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Fic. 7. Two cases of aortic stenosis. A, seventy-one year old woman with 
atrial fibrillation and ventricular ectopic beats. Tracings recorded over second 
left interspace (pulmonic area). From above: electrocardiogram, “‘stethoscopic”’ 
tracing, filtered tracing (500-750). The murmur starts suddenly with a large 
vibration (“ejection sound”). Prior to this, there are smaller vibrations belong- 
ing to the first sound. The murmur is made of several groups of vibrations 
and is clearly diamond-shaped. There is a large P component of the secend 
sound and a delayed small A component (paradoxical splitting) in the second 
and third cycle (ectopic beats). There are small vibrations of a diastolic 
murmur. B, seventy year old woman. Tracings recorded over aortic area. 
From above: filtered tracing (500-1000), pulse tracing at suprasternal notch, 
electrocardiogram. Diamond-shaped murmur starting with a small “ejection 


sound.” Small second sound. 


than the corresponding vibrations in the 
medium-low range. In cases of mitral stenosis, 
they were delayed in comparison with normal 
subjects (prolongation of the Q-1 interval) 
but still took place in the very early phase of the 
corresponding vibrations recorded in the lower 
frequency range. 

Splitting of the First Sound: The first sound, if 
recorded in the medium-low frequency range, 
often shows four vibrations. These had been 
found to coincide with the four valvular events 
of the heart" and were labeled M (mitral), 
T (tricuspid), P (pulmonic) and A (aortic) 
in this order.* When medium-high frequency 
bands (240-480) were used," two groups of 
vibrations were often clearly revealed, usually 


‘coinciding with the first (M) and the last (A) 


of these four vibrations. 

When high frequency bands (500-1000: or 
higher) were used, a further simplification took 
place. First, only two groups of vibrations 
were left. Their time of occurrence and their 
coincidence with lower frequency vibrations 
and pulse tracings revealed that they coincided 
with the events of the left heart, i.e., with the 
first (M) and the last (A) vibrations of the first 


* Recent experimental studies in this laboratory show 
that the initial vibrations of the first heart sound occur 
during the ascent of pressure in the left and right ven- 
tricles, 22 to 23 milliseconds after closure. Therefore, 
M represents a dynamic event indirectly associated with 
mitral closure but not simultaneously with it. The same 
is true for T in regard to tricuspid closure. 
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Fic. 8. Friction rubs in a nine year old boy with rheu- 
matic pericarditis. From above: filtered tracing (500- 
1000), ‘‘stethoscopic” tracing, electrocardiogram. There 
are three groups of vibrations (F, F, F): in presystole, 
midsystole, and early diastole. The presystolic rub is 
sharply separated from the first sound. The systolic 
rub is also well separated from the heart sounds. The 
second sound is split. 


sound (Figs. 2, 3, 4, 8). They were usually 
simple and short, each often consisting of a 
single vibration or, occasionally, a group of 
two to three vibrations, taking place at the 
beginning of the corresponding vibration re- 
corded in the medium-high range. In eleven 
out of twelve cases, the optimum range for 
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observing a split first sound was 500-1000 
C.p.s.; in one it was 1000-2000. Often one of 
the two vibrations became relatively larger in 
the highest bands; this was more common for 
the mitral (M) (six out of twelve) (Fig. 2) 
than for the aortic (A) vibration (four out of 
twelve) (Fig. 3). In two cases, splitting 
disappeared at the highest frequencies simply 
because one of the two vibrations (A in one, M 
in one) disappeared. It is significant that 
splitting of the first sound was present in five 
out of ten cases of mitral stenosis. It is interest- 
ing to note that splitting of the first sound was 
noted in normal subjects as well as in cases of 
mitral stenosis, myocarditis and pericarditis. 
It was not noted in cases of mitral or aortic 
insufficiency or aortic stenosis. * 

The optimum range for the M component of 
the first sound was found to be from 120-240 
c.p.s. to 240-480, while the maximum range 
where this component was present was found to 
be 1000-2000 c.p.s. (Table 1). The optimum 
range for the A component of the first sound was 
from 60-120 to 240-480 c.p.s. The maximum 


* Usually, in cases of aortic stenosis, there was first 
“the first sound,” then “‘the ejection sound.”” These two 
groups of vibrations have been considered by us as cor- 
responding to the M and A groups of vibrations of 
normal subjects, although with a delay of A, explained by 
the higher level of left ventricular pressure necessary 
for opening the aortic valve. 


TABLE I 
Optimum and Maximum Frequency Bands for the Various Cardiac Vibrations (Sounds) 


Sound Optimum Range (c.p.s.) Maximum Range (c.p.s. ) 
1st sound 
1 M* 120-240 to 240-480 1000-2000 
1 Af 60-120 to 240-480 1000-2000 
2nd sound 
2 At 240-480 1000-2000 
2 P§ 120-240 to 1000-2000 
240-480 (normal) 
750-2000 (pathologic) 
3rd, 4th, or summation 30-60 (normal) — 60-120 (normal) 
sound to 240-480 (pathologic) 
60-120 (pathologic) (exceptionally 500-1000) 
**Ejection sound”’ 240-480 500-1000 
Opening snap 240-480 750-1000 
(occasionally 2000) 


* Mitral component of 1st sound = 1st large vibration. 

} Aortic component of 1st sound = 4th large vibration. 

t Aortic component of 2nd sound = 1st large vibration. 

§ Pulmonic component of 2nd sound = 2nd large vibration. 
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Fic. 9. Two cases of predominant mitral insufficiency. A, forty-one year old 


woman with organic mitral lesion. 


B, sixteen year old girl with myocarditis (rel- 


ative mitral insufficiency and stenosis demonstrated by left heart catheterization). 
From above: filtered tracing (500-1000), “stethoscopic” tracing, electrocardio- 
gram. Case (A) has a crescendo systolic murmur and a large second sound; 
minor vibrations in diastole. Case (B) has an all systolic murmur, a large first 
sound, a large third sound (or possibly a summation sound), and a small di- 
astolic-presystolic murmur starting with the third sound. 


range was again 1000-2000 c.p.s. (Table 1). 

Splitting of the Second Sound: The second 
sound, if recorded in the medium-low frequency 
range, may show two vibrations. These were 
found to be due respectively to closure of the 
aortic (A) and pulmonic (P) valves." The 
medium-high frequency bands show this split- 
ting even more clearly, as it had been pointed 
out by Leatham.’ 

When high frequency bands (500-1000 or 
higher) were used, splitting became extremely 
clear (Fig. 3). This occurred in three out of 


five normal subjects, in five out of thirteen 
cases of mitral stenosis or insufficiency, in four 
out of eight cases of myocarditis or pericarditis, 
and in two out of four undiagnosed cases. The 
optimum range for recording this splitting was 
in the 500-1000 c.p.s. octave. The maximum 
range where splitting was still present was 
usually above 1000, occasionally up to 2000 
c.p.s.* In general, the first (A) vibration was 


* These extremely high frequency vibrations were re- 
corded only in young persons with a lean body and a 
flat chest. 
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fic. 10. Triple rhythm due to early diastolic additional 
sound in a fourteen year old boy with myocarditis 
(demonstrated by postmortem examination). From 
above: filtered tracing (200-400), apex beat, electro- 
cardiogram (muscular currents are present). The trac- 
ings in the higher ranges failed to reveal the triple 
rhythm. 


larger than the second (P). However, the P 
vibration was the first and was larger in one 
case of aortic stenosis and insufficiency (weaker 


A, paradoxical splitting) (Fig. 7A); it was the © 


second and was larger in one case of chronic 
cor pulmonale, one case of mitral insufficiency, 
one case of mitral stenosis and one case of myo- 
carditis (pulmonary hypertension). 

The optimum range for the A component of 
the second sound was found to be in the 240-480 
c.p.s. range. The maximum range for this 
component was 1000-2000 c.p.s. The optimum 
range for the P component of the second sound 
was found to be 120-240 or 240-480 c.p.s. 
for subjects with normal pulmonic pressure and 
up to 750-1500 c.p.s. in cases with severe 
pulmonary hypertension. The maximum range 
for this component was found to be 1000-2000 
c.p.s. (Table 1). 

Ejection Sound: The “ejection sound” was 
studied in five cases (three cases of aortic 
stenosis, one case of aortic insufficiency, and one 
case of chronic cor pulmonale). In all cases, 
the high frequency tracings revealed a smaller 
amplitude of this sound in comparison with the 
same vibration recorded in a lower frequency 
range (Table 1). Maximal range where this 
sound was recorded was 500-1000 c.p.s., but its 
vibrations were relatively smaller than in lower 
frequency bands. Thus, the ejection sound (or 
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ejection component of the first sound) became 
less clearly visible when recording a high fre- 
quency tracing. The interval between the 
mitral (M) component of the first sound and the 
“ejection sound” in cases of aortic valve disease 
was found of the order of fifty to sixty milli- 
seconds. * 

The “ejection sound” was recorded best in 
the 240-480 c.p.s. range but could usually still 
be recorded as a small vibration up to 1000 
c.p.s. In cases of aortic stenosis, the M com- 
ponent often disappeared in the 500-1000 
range, so that the “ejection sound” became the 
first large visible vibration (Fig. 7B). 

Third and Fourth Sounds: ‘The third and fourth 
sounds had an optimum range in the 30-60 
c.p.s. frequency band and could be recorded up 
to the 60-120 band. However, pathologic 
third or fourth sounds, or a summation sound 
(triple rhythms), were recorded best in the 
60-120 c.p.s. range, and could still be recorded 
in the 240-480 range (Table 1; Figs. 9B, 10). 

Opening Snap of Mitral Valve: This sound 
had an optimum range in the 240-480 c.p.s. 
band. It was still recorded, though with a 
small amplitude, in the 750-1000 c.p.s. range, 
and occasionally up to 2000 c.p.s. The band 
500-1000 c.p.s., however, often gave a much 
clearer tracing than lower bands, due to the 
disappearance of other smaller vibrations which 
were present in the latter between the second 
sound and the opening snap (Fig. 4A). 

Differential Diagnosis Between Split Second Sound 
and Opening Snap of the Mitral Valve: This 
problem often arises in the reading of phono- 
cardiograms. Records taken in the high fre- 
quency range theoretically do not help in the 
differentiation between the P component of the 
second sound and the opening snap because 
both are found in the same frequency range. 
However, this only applies to the P component 
of the average cases, where the time interval 
between the two components of the second 
sound is narrower than that between A com- 
ponent and opening snap. Patients with 
pulmonary hypertension having a wider split- 
ting of the second sound (0.06 to 0.08 second) 
frequently have a P component of greater mag- 
nitude and higher frequency (see Table 1). 
In such cases, the frequency alone is sufficient 
for excluding an opening snap. Cases with 

* This is longer than the normal M-A interval (thirty 
to forty-five milliseconds) found in our high frequency 
tracings, and can be explained by a slightly delayed 
opening of the aortic valve. 
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wide splitting of the second sound due to 
increased flow or bundle branch block may still 
have a P component in the same frequency 
range as the opening snap. Therefore, no aid 
to diagnosis would be obtained in such cases 
by the study of the high frequency vibrations. 


MURMURS 


Three possibilities were noted in recording 
murmurs in the high frequency range: 

I. They disappeared and could not be 
recorded even with maximal amplification. 

II. They were still present and were basi- 
cally unchanged. 
III. They became more clearly visible; then, 
they fell into one of the three following cate- 
gories: 


A. Certain murmurs having both low and 
high frequency components had more 
high frequency components in a typical phase 
of the cardiac cycle; in such cases, the 
high frequency tracing showed the typical 
“shape” of the murmur more clearly. 

B. Other murmurs having both low and 
high frequency components had relatively 
larger high frequency components; in such 
cases, the high frequency tracing showed 
that the murmur had a relatively greater 
amplitude although its ‘‘shape” was simi- 
lar to that recorded in a lower band. 

C. Other murmurs had a definite predomi- 
nance of high frequency vibrations or 
had only high frequency vibrations; 
then, only the high frequency tracing revealed 
the murmur. 


In mitral stenosis, the high frequency presys- 
tolic murmur had a more typical “shape” 
in two cases and a greater amplitude in two other 
cases. On the whole, the best bands for re- 
cording the presystolic murmurs were either 
120-240 or 240-480 c.p.s. (Fig. 5). On the 
other hand, the diastolic murmur disappeared 
in five out of ten cases, and was still present in 
one. 

In aortic stenosis, the high frequency murmur 
was similar to that recorded in the lower bands 
in five out of ten cases; it revealed its diamond 
“shape” better in four out of ten (Fig. 7A); 
and had a greater amplitude in one out of 
ten. 

In mitral insufficiency, the high frequency mur- 
mur disappeared in one out of eight and was 
unchanged in another. It revealed a more 
typical “shape” in three out of eight (Fig. 9A); 


it showed a greater amplitude in three out of 
eight (Fig. 9B); it only appeared in high frequency 
tracings in two out of eght. 

In aortic insufficiency, the high frequency mur- 
mur revealed its typical ‘‘shape” in three out of 
seven (Fig. 6); it was present only in the high 
frequency range in four out of seven cases. 

A similar improvement in the graphic charac- 
teristics of the murmur was found in the two 
cases of hypertensive heart disease, in the six cases 
of pericarditis and myocarditis (Fig. 8), and in one 
out of three cases of congenital heart disease. 


COMMENTS 


A new instrument or device is of no impor- 
tance in itself, and is valuable only insofar as its 
use allows us to increase our knowledge, first of 
physiologic events and then of their pathologic 
changes. The new phonocardiograph used in 
our study has, among other qualities, that of 
being able to faithfully record vibrations in the 
high frequency range, i.e., above 300 c.p.s. 
Special tests excluded the possibility that the 
recorded vibrations were artefacts created in the 
system by the effect of the low or medium fre- 
quency vibrations. 

The study of these high frequency vibrations 
has revealed interesting data. The heart sounds 
and murmurs include not only low and medium- 
low frequency vibrations but also medium-high 
and high frequency harmonics and overtones. 
When one successively records medium fre- 
quency, and then high frequency tracings, a 
gradual simplification of the pattern takes place. 
This is due to the fact that the high frequency 
filtration renders the vibrations visually shorter 
and simpler. They appear at the beginning of 
the equivalent medium frequency vibrations 
and they may have a relative increase in ampli- 
tude.* 

Both the physiologic and the pathologic 
splitting of the first and second heart sounds 
become more evident by recording high fre- 
quency vibrations and are occasionally revealed 
only by the latter. This was true both in nor- 
mal subjects and in pathologic cases. No 
splitting of the first sound, however, was noted 
in cases of aortic valve disease or in mitral 
insufficiency. This statement, however, does 
not apply to the “ejection sound” which was 
noted in cases with aortic valve disease. No 
splitting of the second sound was revealed in 
cases of aortic insufficiency. 


* See page 53. 
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Previous studies" had identified the four 
valvular components of the first sound when this 
was recorded in the medium-low frequency 
range. The present observations reveal that 
the first (mitral closure) and the fourth (aortic 
opening) component are those most often ac- 
companied by high frequency vibrations. As 
the rate of change of velocity and the energy 
imparted to the blood in the left side of the heart 
and aorta are many times greater than those of 
the right heart and pulmonary artery, it seems 
logical that vibrations of a higher frequency 
and greater magnitude in the higher frequency 
range originate predominantly in the left side 
of the heart. 

One-half of the cases of mitral stenosis had 
evident splitting of the first sound. The inter- 
val between the two components was usually 
narrower than normal (average twenty milli- 
seconds instead of thirty to forty-five milli- 
seconds in normal subjects). This can be 
explained by the fact that in such cases there is a 
delayed closure of the mitral valve due to the 
higher left atrial pressure; this causes a delay 
of the first large vibration of the first sound. On 
the other hand, as the aortic pressure of these 
cases is either normal or low, the fourth vibration 
of the first sound would not be delayed. As a 
result, the duration of the tension period of the 
left ventricle (thirty to forty-five milliseconds 
according to our phonocardiographic studies; 
about sixty milliseconds according to pressure 
studies of Braunwald et al.!*) would become 
substantially shorter. This confirms that the 
second large group of vibrations of the first 
sound in tracings recorded in the medium-high 
and high frequency ranges is connected with the 
acceleration of blood taking place at the time of 
aortic opening and not with the closure of the 
tricuspid valve.* 

Both the “‘ejection sound’? and the opening 
snap of the mitral valve can be recorded in the 
high frequency range but are often reduced in 
amplitude. This is particularly true of the 
opening snap which, however, is often better 
visible because of a clearer baseline between the 
P (pulmonic) component of the second sound 
and this snap. Both the “ejection sound” and 
the opening snap are either small or disappear 


* According to Braunwald et al." the average interval 
between mitral and tricuspid closure of normal subjects is 
thirteen milliseconds. In cases with mitral stenosis, this 
interval would become near zero (or even be reversed) 
because there is a delay of mitral closure which is in 
the range of ten to forty milliseconds. 
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in the 1000-2000 c.p.s. band. This might be 
explained by the slow acceleration which takes 
place through a stenotic orifice and which is 
responsible for these sounds. 

The third and fourth sounds are never re- 
corded in the higher frequency range. The 
mechanism of their production and the rela- 
tively slow acceleration occurring at the time 
of diastolic filling, whether early diastolic or 
presystolic, explain this. 

Splitting of the second sound is usually well 
revealed by high frequency tracings due to the 
gradual disappearance of vibrations of a lower 
pitch, which might be present between the 
aortic and pulmonic components when the 
tracing is recorded in the lower bands. How- 
ever, the higher bands usually show that the 
aortic component has larger high frequency 
vibrations than the pulmonic. 

In cases of pulmonary hypertension, when 
the pulmonic component is larger in the medium 
and medium-high ranges, the pulmonic com- 
ponent is even larger in the highest range. 
Greater deceleration in the aorta and left 
ventricle in the majority of subjects, and greater 
deceleration in the right ventricle and pulmonary 
artery in cases of pulmonary hypertension are 
probably responsible for these facts. 

Murmurs may become more or less evident 
in the high range according to their fundamental 
frequency and the percentage of high frequency 
components. As expected, the low-pitched 
diastolic murmur of mitral stenosis disappears. 
On the other hand, the presystolic murmur of 
mitral stenosis may become more evident. Ina 
good percentage of cases the murmur of aortic 
stenosis reveals its typical shape better or be- 
comes larger in the high frequency range. 
Murmurs of mitral or aortic insufficiency are 
better recorded in the high frequency range: 
in some cases, they are recorded only in this 
range. 

In conclusion, while certain murmurs dis- 
appear or persist unchanged in the high fre- 
quency range, others become more clearly visi- 
ble, and others may be such as to be recorded 
only in the high frequency range. 


SUMMARY 


A systematic study of the high frequency 
components of the heart sounds and murmurs 
was made by means of a new standardized and 
calibrated phonocardiograph provided with a 
variable band pass filter. The frequency 
bands 500-1000 c.p.s. and higher were partic- 
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ularly studied but comparison was also made 
with the vibrations found in lower bands. 

This study was made in forty-seven subjects 
including five subjects without evidence of 
heart disease. The study revealed that the 
groups of high frequency vibrations were nor- 
mally shorter than the equivalent group of 
lower bands; they often (but not always) 
appeared at the beginning of equivalent vi- 
brations; they often presented a relative increase 
of amplitude. 

Several clinical phenomena were better 
revealed by the study of high frequency bands 
including the physiologic or pathologic splitting 
of the first and second sounds, the opening snap, 
and certain murmurs. The high frequency 
bands often revealed more clearly the ‘‘shape”’ 
of a murmur. In some cases, splitting of the 
heart sounds or the existence of a murmur was 
revealed only by these bands. 

The high frequency bands revealed that in 
about 25 per cent of the cases the first sound 
was composed of two simple vibrations (or 
groups of vibrations). These were identified 
through their time of occurrence as coinciding 
with mitral closure and aortic opening. One of 
the two may disappear in the highest band. 

The high frequency bands revealed that in 
more than one-third of the cases the second 
sound was composed of two simple vibrations 
(or groups of vibrations). These were identi- 
fied as coinciding with aortic closure and pul- 
monic closure. The latter usually disappeared 
in the highest band except in cases of pulmonary 
hypertension. 

The optimum and maximum frequency bands 
in both normal subjects and clinical cases were 
studied for the first and second sounds, as well 
as for the third and fourth. A similar study 
was made in regard to the “ejection sound” 
and the opening snap of the mitral valve. 

Murmurs recorded in the high frequency 
range either disappeared, were still present, or 
became more clearly visible. The murmurs of 


mitral and aortic insufficiency were usually in 
the last group and were sometimes recorded 
only in the high frequency range. Detailed 
observations were made in the various valvular 
defects. 

It is concluded that the study of the high 
frequency vibrations of the phonocardiogram 
presents great interest both in normal subjects 
and in clinical cases. In the latter, it may be of 
diagnostic importance. Problems of cardio- 
vascular physiology and pathology may at 
times be clarified by this study. 
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High Speed Phonocardiography 


An Approach to the Frequency Analysis of the Vibrations 
Originating in the Heart" 


ANGELO CANIGGIA, M.D., Guipo BERTELLI, M.D. and MArR10o LODONE, M.D. 


Siena, Italy 


IGH SPEED phonocardiography is a new 

method devised for an objective and de- 

tailed analysis of the vibrations which compose 
the heart sounds and murmurs. 

It is well known that the timing of ausculta- 
tory phenomena and their time relationship 
with other physiologic parameters are useful for 
clinical diagnosis. However, the information 
supplied by conventional phonocardiography 
may be limited by the technical characteristics 
of the instruments employed. The frequency 
analysis of the vibrations of the heart sounds and 
murmurs at the standard speed of the film 
(100 mm. per second or less) is sometimes diffi- 
cult in conventional phonocardiography. 

The frequency characteristics of cardiac 
murmurs were studied by Cabot and Dodge! 
and by Williams and Dodge,” who listened to 
heart murmurs through electric filters. A simi- 
lar method of filtering and listening was applied 
by Butterworth et al.*. They found most sys- 
tolic murmurs between 80 and 120 c.p.s., most 
mitral diastolic murmurs between 40 and 100 
c.p.s. and most aortic and pulmonic diastolic 
murmurs between 100 and 120 c.p.s. 

In 1938 Mannheimer‘ described “‘calibrated 
phonocardiography,” a useful method for 
analysis of the cardiac vibrations. Another 
method of ‘‘calibrated phonocardiography” 
was more recently described by Maass and 
Weber.® In 1956 Luisada and co-workers® 
described the method of “selective phono- 
cardiography.” ‘Spectral phonocardiography”’ 
(McKusick’) is another development for the 
study of frequency of the cardiac vibrations. 
The method, however, is different from those 
of conventional phonocardiography. 

According to Luisada,* one can consider 
either the entire spectrum of vibrations or limit 


the study to those vibrations which have a 
definite clinical importance. The latter cor- 
respond to the data of clinical auscultation and 
are recorded by conventional phonocardiog- 
raphy.® While the frequency of cardiac vibra- 
tions has often been empirically evaluated in 
conventional phonocardiograms, an exact count 
requires special methods. 

Several authors have stated that heart 
sounds and murmurs can exceed 500 c.p.s. 
At the standard film speed of 100 mm. per 
second, or less, it would be impossible to re- 
cord and count these vibrations exactly. 
Conventional phonocardiograms, therefore, are 
inadequate for this purpose. With high speed 
phonocardiography, on the other hand, it is 
possible to analyze the single vibrations of the 
heart sounds and murmurs, to study their shape 
and to count them exactly. 


TECHNIC 


The apparatus for high speed phonocardiographyt 
includes the following parts: (1) A five gun oscillo- 
scope (Galileo No. R17D) with synchronized beams 
and a Dumont 7YP7 tube. (2) A cinecamera 
(Galileo No. R153V). (3) A frequency selector 
with five filters. These are band-pass filters having a 
slope of —40 decibels per octave. The frequencies 
selected were 40 to 80, 80 to 160, 160 to 320, 320 
to 640 and 640 to 1280. 

This apparatus permitted the simultaneous visual- 
ization and recording of two phonocardiograms, two 
electrocardiograms, and the fifty cyeles AC, which 
was used as a time signal. The simultaneous 
recording of an arterial or venous pulse instead of an 
electrocardiogram or of a phonocardiogram was also 
possible. The sweep speed of the electronic guns of 
the oscilloscope could vary from 2.5 cm. per second to 
15 M. per second , so as to permit the perfect record- 


t Built by the O. T. E. Company, Florence, Italy. 


* From the Institute of Physical Diagnosis of the University of Siena (Italy), directed by Prof. F. Lenzi. 
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Fic. 1. Mitral stenosis: diastolic murmur with presystolic accentuation, loud M,, mitral 
opening snap. Top left: Simultaneous recording of two electrocardiographic tracings (Vi, 
V.), two logarithmic phonocardiographic tracings from mitral (M) and pulmonary (P) areas, 
and of 50 c.p.s. AC, as time marker. Sweep: 10cm. per second. Bottom left, top right and 
bottom right: High speed analysis of presystolic murmur: logarithmic phonocardiograms from 


same area at a speed of 2 M. per second. 


ing of any type of vibrations including those of high 
frequency. 

The heart sounds were recorded either from two 
separate areas of the precordium (two phonocardio- 
grams with the same technical characteristics were 
recorded) or from the same area (two phonocardio- 
grams with different technical characteristics were 
recorded.) Crystal microphones were used. One 
amplifier had a flat response from 40 to 8000 c.p.s. 
while another had a logarithmic response (—14 
decibels at 60 c.p.s., —8 decibels at 100 c.p.s., 
—4 decibels at 400 c.p.s., —2 decibels at 600 c.p.s., 
0 decibels at 1000 c.p.s.). This system provided a 
harmonic analysis of heart sounds and murmurs and 
an accurate study of the frequencies of the single 
bands examined.”~" 


RESULTS 


MAIN VIBRATIONS OF HEART SOUNDS 
AND MURMURS 


Using the method described, the basic vibra- 
tions of the cardiac sounds and murmurs were 
recorded. 


Heart murmurs were seen to be composed of a 
series of vibrations rather irregular in shape and 
frequency with the exception of musical mur- 
murs, which were made of equal vibrations 
like a pure sine wave. A study of the basic 
frequencies!®—'® revealed that the fundamental 


- frequencies of the greatest number of murmurs 


(including the murmurs of mitral stenosis, 
ventricular septal defect, aortic or pulmonic 
stenosis and aortic or pulmonic dilatation) 
were less than 150 c.p.s. while murmurs of 
aortic insufficiency were usually less than 250, 
and only a few musical murmurs showed fre- 
quencies of 300 to 350 c.p.s.¥4 

Mitral Stenosis: Figure 1 deals with a case of 
mitral stenosis. The standard phonocardio- 
gram records a harsh diastolic murmur which 
begins after the opening snap of the mitral 
valve; the first sound is very loud. The high 
speed phonocardiograms clearly reveal the 
vibrations of the same murmur with a fre- 
quency of 150 c.p.s. 
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Fic. 2. Aortic incompetence (two cases). A, decrescendo aortic diastolic murmur. Top: simul- 
taneous recording of two electrocardiograms (Vi, V,), two logarithmic phonocardiograms from 
mitral (M) and aortic (A) areas, and of a 50 c.p.s. AC. Sweep: 5 cm. per second. Middle: 
same recording at 10 cm. per second. Bottom: high speed (2.5 M. per second) analysis of 
diastolic murmur. B, descrescendo aortic diastolic murmur. Loud Ag, faint aortic systolic 
murmur. Top: simultaneous recording of two electrocardiograms (Vi, V¢), two logarithmic 
phonocardiograms from mitral (M) and aortic (A) areas and of a 50 c.p.s. AC. Sweep: 10 
cm. per second. Middle: same recording at 20 cm. persecond. Bottom: high speed (2.5 M. 


per second ) analysis of diastolic mrmur. 


Both murmurs were blowiug in quality; the mur- 


murs displayed on the right had a rather low periodicity. 


Aortic Insufficiency: The murmurs of two cases 
of aortic insufficiency are presented in Figure 2. 
The diastolic murmur in decrescendo recorded 
over the aortic area is evident in the standard 
and medium speed phonocardiogram. The 
case in Figure 2B has a loud second sound. 
The main vibrations of these diastolic murmurs 
are quite different in shape and frequency, being 
300 c.p.s. in the case on the left and 150 c.p.s. 
in that on the right. Both murmurs had a 
typical decrescendo character on auscultation. 


1961 


Pulmonic Stenosis: Figure 3 deals with a case 
of pulmonic stenosis. A harsh and loud 
diamond-shaped systolic murmur was recorded 
in the second left interspace (see the standard 
and medium speed phonocardiograms on the 
left). The main vibrations of this systolic 
murmur recorded in a high speed phonocardio- 
gram have a rather low frequency (150 c.p.s.). 

Tetralogy: Figure 4 shows a phonocardiogram 
in a case of tetralogy of Fallot following a 
Blalock operation. The tracing shows a sys- 
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Fic. 3. Pulmonary stenosis: Harsh, diamond shaped, systolic murmur in pulmonary area. 
Top left: simultaneous recording of two electrocardiograms (Vi, V«), two logarithmic phono- 
cardiograms from mitral (M) and pulmonary (P) areas, and of a 50 c.p.s. AC. Sweep: 5 
cm. per second. Bottom left: same registration at 10 cm. per second. Top right: high speed 
(2.9 M. per second) analysis of pulmonary systolic murmur (protosystolic phase A). Bottom 
right: high speed (2.9 M. per second) analysis of pulmonary systolic murmur (mesosystolic 
phase B). 


tolic murmur in the mitral area and a continuous 
murmur in the second left interspace. The 
irregular shape of the main vibrations and their 
low frequency (150 to 200 c.p.s. for the systolic 
murmur, 200 c.p.s. for the diastolic) are revealed. 

Musical Murmurs: Figure 5 is the record of a 
“sea gull murmur” in a case of aortic insuffi- 
ciency. The vibrations of this musical murmur 
appear regular in the high speed phonocardio- 
grams (B, C). They are regularly sinusoidal 
and identical to each other; their frequency is 
high (300 c.p.s.). 

The musical murmurs are actually repre- 
sented by pure sine waves; their frequency is 
high as compared to the nonmusical murmurs 
but not as high as the most “high-pitched” 
heart sounds. 


HARMONIC ANALYSIS OF HEART SOUNDS 
AND MURMURS 

As our apparatus for high speed phono- 
cardiography is provided with a frequency 


selector which permits simultaneous recording 
of the same sound (or murmur) in different 
bands of frequency, a harmonic analysis was 
made possible, thus permitting differentiation of 
the phenomenon of diaphonesis from the actual 
harmonics, 

It is well known that vibrations, especially if 
extremely amplified, may appear, not only on 
their own frequency bands, but also on contig- 
uous bands, in spite of filters having a slope of 
—40 decibels per octave. This was experi- 
mentally checked by means of a signal generator. 

With the harmonic analysis at the standard 
sweep speed, often tall vibrations in the 80 to 
160 c.p.s. band, and smaller vibrations in the 
upper frequency bands (160 to 320 c.p.s. and 
320 to 640 c.p.s.), were observed. Vibrations 
of high frequency exist sometimes but not al- 
ways. With high speed phonocardiography 
it is possible to establish that the small vibrations 
recorded in the upper frequency bands are often 
identical in frequency and shape to the main 
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Fic. 4. Fallot’s tetralogy (after Blalock’s operation). Méitral systolic murmur (M), accentu- 
ated second sound and continuous murmur at second left intercostal space (subclavicular 
area). Top left: simultaneous recording of two electrocardiograms (Vi, Vs), two loga- 
rithmic phonocardiographic tracings from mitral (M) and left subclavicular (P) areas, and of a 
50 c.p.s. AC. Sweep: 5 cm. per second. Bottom left: same recording at 10 cm. per second. 
Top right: high speed (2.4 M. per second) analysis of systolic murmur. Bottom right: high 


speed (2.4 M. per second) analysis of diastolic murmur. 


vibrations recorded in the 80 to 160 c.p.s. band. 
Their appearance in the upper frequency bands 
is then due to diaphonesis. 

Diaphonesis: Figure 6 gives an example of 
diaphonesis. The vibrations recorded in the 
160 to 320 c.p.s. band are identical in frequency, 
and similar in shape, to the vibrations recorded 
in the 80 to 160c.p.s. band. Onthe other hand, 
when harmonics are really present they are 
clearly recorded in their own frequency bands. 

Harmonics: Figure 7 gives an example of 
second and third harmonics recorded in a case 
of mitral stenosis. These vibrations belong to 
the accentuated first sound. These harmonics 
are exceptionally widespread. This is more 
common for heart sounds than for murmurs. 

A second harmonic is often visible in our 
tracings but is always of smaller magnitude than 
the fundamental vibrations. It appears with 
greater frequency near the peak of each of the 
main vibrations. A third harmonic is more 
seldom recorded. 


juLy 1961 


The upper harmonics are negligible with nor- 
mal amplification and can be observed only 
with markedly greater amplification. Their 
intensity is often not greater than 1/5 of that 
of the main vibrations, and such as to render 
unlikely their effect on the characterization of 
the sound to which they belong. 

Superimposed Diaphonesis and Harmonics: Vibra- 
tions due to diaphonesis and harmonics may be 
superimposed phenomena; often harmonics 
correspond to only a few main vibrations, 
which in other tracings emerge by diaphonesis 
on the upper frequency bands. This is demon- 
strated by Figure 8, which presents tracings 
from a case of syphilitic aortitis. A systolic 
click is present over both the mitral (M) and 
aortic (A) areas. A large diamond-shaped 
systolic murmur with accentuated second sound 
is present in the aortic record. A high speed 
phonocardiogram shows that the main vi- 
brations have a frequency of 150 to 200 c.p.s. 
Another section of the same figure presents the 
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Fic. 5. Aortic incompetence: musical (sea gull) aortic 
diastolic murmur. TJof: simultaneous recording of two 
electrocardiograms (Vi, V¢«), two logarithmic phono- 
cardiograms from mitral (Mitr.) and aortic (Aort.) 
areas, and of a 50 c.p.s. AC. Sweep: 5 cm. per second. 
Center: high speed (2.25 M. per second) analysis of 
musical aortic diastolic murmur. Bottom: high speed 
(7 M. per second) analysis of musical diastolic murmur. 


Note the perfect regularity of sine waves of musical - 


murmur. 


harmonic analysis of the same murmur at me- 
dium and high speed. A second harmonic is 
clearly recorded in the 160 to 320 frequency 
band. The first two vibrations pass into the 
160 to 320 band by diaphonesis; the others are 
actually the second harmonics of the funda- 
mental. No harmonic is recorded in the 320 to 
640 frequency band, because the amplification 
is the same in all the frequency bands, and this is 
inadequate for recording the high frequency 
vibrations. 

Harmonic analysis can be done with greater 
amplification in the upper frequency bands in 


Fic. 6. Diaphonesis: diamond-shaped systolic murmur, 
faint first and second aortic sounds in a case of aortic 
stenosis. Top: simultaneous recording of electro- 
cardiogram (V;), 50 c.p.s. AC, and of three different 
frequency bands simultaneously recorded from the same 
area (80 to 160; 160 to 320; 320 to 640). Sweep: 20 
cm. per second. Bottom: same registration at 2.2 M. per 
second. The principle vibrations are evenly inscribed 
in frequency bands 80 to 160 and 160 to 320. 


80-160 


160-320 


520-640 


Fic. 7. Second and third harmonics: harmonic analysis 
of an accentuated first sound of mitral stenosis with high 
speed phonocardiography. Left: second harmonic is 
clearly recorded on 160 to 320 c.p.s. frequency band. 
Right: third harmonic is clearly recorded on 160 to 320 
c.p.s. frequency band. Sweep: 2.2 M. per second. 
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Fic. 8. Harmonic analysis of aortic systolic murmur (luetic aortitis): diamond-shaped aortic 
systolic murmur, accentuated Ag, protosystolic click. Top left: simultaneous recording of two 
electrocardiograms (Vi, V¢«), two logarithmic phonocardiograms from mitral (M) and aortic 
(A) areas, and of a 50 c.p.s. AC. Sweep: 10 cm. per second. Bottom left: high speed (2.4 M. 
per second) analysis of systolic murmur. Top right: simultaneous recording of electrocar- 
diogram (V;), 50 c.p.s. AC, and of three different frequency bands simultaneously recorded 
from same area (80 to 160; 160 to 320; 320 to 640). Sweep: 20 cm. per second (medium 
‘speed harmonic analysis). Bottom right: high speed (2.4 M. per second) harmonic analysis 
of systolic murmur. Note the good inscription of second overtone on three last fundamental 


vibrations. 


order to record vibrations which otherwise 
would not be visible. Harmonic analysis in a 
case of aortic insufficiency is presented in Figure 
9 in order to study the blowing diastolic murmur 
“in decrescendo.” The high speed phono- 
cardiogram at standard amplification shows a 
good reproduction of the second harmonic 
(160 to 320 frequency band); the higher har- 
monics (320 to 640 frequency band) are very 
small and sparse. 

The amplification is five times greater in the 
160 to 320 frequency band and ten times greater 
in the 320 to 640 frequency band. The second 
harmonic appears in the 160 to 320 frequency 
band where some fundamental vibrations are 
also recorded by diaphonesis (third, fourth, 
fifth). In the 320 to 640 frequency band, 
harmonics are well recorded: second harmonic 
of the third (fundamental) vibration, third 
harmonic of the fourth and fifth, and fourth 
harmonic of the sixth vibration. 
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The amplification required reveals that the 
energy of the upper harmonic vibrations is 
small (about !/59 of the main vibrations). 


CLINICAL APPLICATIONS 


From a theoretic point of view, high speed 
phonocardiography has particular interest as it 
permits recording and description of the fine 
details of the sound vibrations of the heart 
sounds and murmurs. The various component 
parts of these murmurs are distinctly recorded 
so that it is easy to establish their frequency and 
form. 

A complete study by means of harmonic 
analysis allows one to recognize with certainty 
the harmonics corresponding to each _ basic 
vibration, a fact which has practical value. 
In fact, students of phonocardiography always 
tried to increase their knowledge of the fre- 
quency of vibrations of heart sounds and mur- 
murs. High pitched murmurs, for example, are 
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Fic. 9. Harmonic analysis of diastolic murmur (aortic in- 
competence): decrescendo blowing murmur. Top: 
simultaneous recording of electrocardiogram (Vi), 50 
c.p.s. AC, and of three different frequency bands 
simultaneously recorded from same area (80 to 160; 
160 to 320; 320 to 640). Sweep: 5 cm. per second. 
Center: high speed (2.4 M. per second) harmonic analysis 
of diastolic murmur. Bottom: high speed (2.4 M. per 
second) harmonic analysis of diastolic murmur. Am- 
plification of frequency bands 160 to 320 and 320 to 
640. Detailed description in text. 


characteristic of certain valvular diseases and 
not of others, so that determination of the basic 
frequency can have diagnostic value. 

High speed phonocardiography supplies more 
precise information concerning the frequency of 
a sound than that derived from conventional 
phonocardiography. For example, the dias- 
tolic murmur has a higher average frequency in 


aortic insufficiency than in mitral stenosis, even 
when the murmur is “musical.” 


SUMMARY 


High speed phonocardiography makes it 
possible to analyze objectively and in detail 
the vibrations of heart sounds and murmurs. 

The apparatus for high speed phonocardiog- 
raphy includes a cathode ray oscilloscope with 
five independent electronic guns and a sweep 
speed which can range from 2.5 cm. per second 
to 15 M. per second. This phonocardiographic 
equipment is provided with a frequency selector 
of the “‘pass-band”’ type which permits the simul- 
taneous recording at high speed of the same 
sound analyzed at various frequencies (harmonic 
analysis). 

Heart murmurs are composed of vibrations 
which are irregular in shape and frequency. 
Only the musical murmurs are composed of 
vibrations of similar amplitude, following a 
pure sine wave. With the above technic, the 
main frequencies were found in the range 100 to 
150 c.p.s. for mitral murmurs, in the range 
150 to 250 c.p.s. for the murmur of aortic in- 
sufficiency. The highest-pitched murmurs are 
“musical” (300 to 350 c.p.s.). 

High speed harmonic analysis clearly records 
harmonics when they really exist. The second 
harmonic is often recorded and its intensity is 
about !/,9 of the basic vibrations. The upper 
harmonics are negligible with average ampli- 
fication and can only be recorded with greatly 
increased amplification. 
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Report on Therapy 


Colloidally Suspended Phytonadione in 


Bishydroxycoumarin-Induced 


Hypoprothrombinemia’™ 


MiLtTon SHOSHKES, M.D., Epwin L. ROTHFELD, M.D. and MARTIN JACOBS, M.D. 


Newark, New Jersey 


WIDER CLINICAL application of hypopro- 
thrombinemia-inducing anticoagulants has 
increased the need for a readily available anti- 
dote. At present, phytonadione (or oil soluble 
vitamin K;) is accepted as an effective antidote 
to such drug-induced hypoprothrombinemia.!” 
It is administered orally in doses ranging from 
10 to 50 mg., or parenterally as an oil in water 
emulsion administered intravenously, usually 
in a 50 mg. dose. This oil emulsion has definite 
disadvantages, however. The stability of the 
emulsion may be “broken” by freezing or by 
mixing with numerous types of parenteral 
medicaments. Moreover, prolonged storage 
under less than ideal conditions is not recom- 
mended. The preparation must be diluted 
before it can be injected intravenously; yet 
despite such precautions, near syncopal and 
syncopal episodes sometimes follow. 

A water soluble salt of phytonadione, dihy- 
drovitamin K, biphosphate, recently was in- 
vestigated in this laboratory in the hope that it 
would be an improvement over the emulsion. 
However, it proved to be a far less potent 
antidote under clinical conditions. More _re- 
cently, a microsuspension of vitamin Ky, has 
been made available. The oil soluble vitamin 
is in colloidal dispersion and is a clear amber 
fluid without visible particles containing 10 mg. 
per cc. of vitamin K, in an isotonic solution with 
benzyl alcohol as a preservative. 


METHOD 
The studies were performed successfully upon 


forty-eight adults who previously had been receiving 
anticoagulant therapy with bishydroxycoumarin (Di- 
cumarol®) for actual or threatened thromboembolic 
phenomena. Forty of this group were hospitalized 
for acute myocardial infarctions, five for acute 
coronary insufficiency, two for acute pulmonary in- 
farction and one for priapism. Blood prothrombin 
times were determined daily. The administration of 
bishydroxycoumarin was discontinued the day before 
testing, usually after the prothrombin time had been 
stabilized for several weeks at twenty-three seconds 
(50 per cent) or more. On the morning of the day of 
testing, determination of the prothrombin time was 
done just prior to the administration of colloidally 
suspended K,f} and two, four, six, eight and twenty- 
four hours thereafter. The initial prothrombin time 
in all subjects successfully tested was twenty-three 
seconds or higher. Eight subjects were used as con- 
trols. Each dosage and route was tested in a separate 
group of ten patients. The series included the ad- 
ministration of 10 mg. of the vitamin intravenously, 
intramuscularly or subcutaneously, plus one other 


‘group given 5 mg. intravenously. The vitamin also 


was used for the emergency treatment of single bleed- 
ing episodes in nine subjects (four of whom were 
also included in the series given 10 mg. intra- 
venously). Seven subjects were given 10 mg. of 
phytonadione intravenously; one received the first 
5 mg. intravenously followed by 10 mg. the following 
day; and one subject received 10 mg. subcutaneously. 
Oxalated blood was used throughout and the pro- 
thrombin times were determined by the Link-Shapiro 
modification of the Quick method, using SoluPlastin® 


t+ AquaMephyton,® kindly supplied by Nathaniel 
S. Ritter, M.p., of the Department of Medical Research, 
Research Laboratories, Merck Sharp & Dohme, Inc., 
Rahway, New Jersey. 


* From the Department of Medicine, Beth Israel Hospital, Newark, N. J. Aided by a grant from Merck, Sharp & 
Dohme, Inc., to the Research Foundation of the Beth Israel Hospital. 
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(solution of thromboplastin derived from fresh brain 
and lung tissue). 


RESULTS 


Table 1 charts the results after the parenteral 
administration of 10 mg. intravenously, intra- 
muscularly and subcutaneously and 5 mg. intra- 
venously. The individual control prothrombin 
time in seconds was used as the baseline value; 
deviations from this value were averaged as 
mean positive or negative values. For example, 
a fall in prothrombin time of five seconds is 
recorded as —5 and a rise of eight seconds as 
+8. The bishydroxycoumarin was discon- 
tinued for twenty-four hours prior to testing; 
therefore, a moderate fall in the prothrombin 
times over the succeeding twenty-four hours 
after the last dose of anticoagulant is to be 
expected in the control series of eight subjects. 
In this trial, the mean fall after twenty-four 
hours was ten seconds. A potent vitamin K, 
should accelerate significantly this fall toward 
normal levels. 

The 10 mg. intravenous dose was effective in 
reducing the elevated prothrombin times. A 
positive and statistically significant effect was 
noted two hours after injection, becoming maxi- 
mum in four to six hours. P values of over 2.5 
were found with each determination. How- 
ever, this same dose when given intramuscularly 
was far less .effective, requiring eight hours to 
begin to accelerate the fall of prothrombin time 
over the control values. These depressions 
were intermediate between those observed for 
the control and 10 mg. intravenous dose, and 
were maximum by the twenty-four hour ob- 
servation. However, no statistical significance 
could be confirmed for these trials, despite this 
apparent trend. The 10 mg. dose given sub- 
cutaneously and the 5 mg. dose given intra- 
venously showed no demonstrable effect over 
the control observations. 

Despite the accelerated return to normal limits 
noted after giving 10 mg. intravenously and in- 
tramuscularly, four subjects of the former group 
and five of the latter group had prothrombin 
values of less than 50 per cent of normal twenty- 
four hours after the administration of vitamin 
K, confirming a definite persistence of anti- 
coagulant effect. All of the subjects given 10 
mg. of the drug intravenously had a fall in 
their prothrombin times. Three of those given 
the drug intramuscularly, however, had no fall 
whatsoever over the twenty-four hours of ob- 
servation. 
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TABLE I 


Response of Bishydroxycoumarin-Induced Hypopro- 
thrombinemia to Parenterally Administered Colloidally 
Suspended Phytonadione (Vitamin K,) 


erved Fall Fall 
(hours) |(seconds) hee (seconds) | (seconds) 


Control (eight subjects) 


2 2 3 (+) 3 9 
4 3 2 (+) 3 7 
6 5 4 2 9 
8 6 4 0 10 
24 10 6 0 23 
10 mg. Given Intravenously (ten subjects) 
2 14 10 0 34 
4 24 9 12 38 
6 29 10 12 42 
8 27 12 5 42 
24 24 14 5 40 
70 mg. Given Intramuscularly (ten subjects) 
2 7 11 (+) 4 35 
4 7 12 (+) 3 37 
6 10 13 (+) 8 37 
8 10 11 0 37 
24 18 15 0 45 
70 mg. Given Subcutaneously (ten subjects) 
2 3 2 0 8 
4 4 4 0 11 
6 6 4 5 7 
8 13 4 (+) 5 12 
24 12 8 1 23 
5 mg. Given Intravenously (ten subjects) 
2 2 4 (+) 6 8 
4 5 3 (+) 5 12 
6 6 3 2 11 
8 7 5 1 12 
24 11 5 (+) 11 18 


Effect on Patients with Bleeding: Table u 
summarizes the data on those subjects treated 
for bleeding. Fortunately, no catastrophic 
hemorrhage occurred during these observations; 
gross hematuria was the most frequent hemor- 
rhagic complication treated. All seven patients 
given the 10 mg. intravenously and the one 
patient given 10 mg. subcutaneously responded 
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TABLE II 


Response of Bleeding Phenomena to Parenterally Ad- 
ministered Colloidally Suspended Phytonadione 


Time of 
Dose R Bleeding Bleeding 
(mg.) anes Phenomena Control 
(hours) 
10 Intravenous Gross 12 
hematuria 
10 Intravenous Gross 6 
hematuria 
10 Intravenous Gross 8 
hematuria 
10 Intravenous Gross 18 
hematuria 
10 Intravenous Gross 9 
hematuria 
10 Intravenous | Rectal 12 
10 Intravenous | Pleural 24 
10 Subcutaneous! Gross 6 
hematuria 
5 Intravenous | Gross Uncontrolled ; 
hematuria responded 
to 10 mg. 
intra- 
venously 


well and within twenty-four hours or less. 
The single subject given 5 mg. intravenously 
for gross hematuria did not stop bleeding. His 
prothrombin time at the onset of bleeding was 
sixty-five seconds; twenty-four hours after this 
injection it was forty-five seconds, with the 
brisk bleeding unchecked. He then was given 
10 mg. intravenously with an excellent response 
within twenty-four hours. 

Adverse Reactions: No untoward reactions 
ascribable to the vitamin K, were experienced 
in any of these subjects. No special or unusual 
precautions were taken for its parenteral 
administration. It was given undiluted by all 
routes and no objective reactions were observed ; 
there were no unusual patient complaints. 

One patient died of a presumed pulmonary 
embolus six hours after receiving 10 mg: intra- 
venously. Another patient sustained an ex- 
tension of his myocardial infarction twenty-four 
hours after receiving a 10 mg. intramuscular 
dose. These episodes probably had no relation 
to the medication used, as they are frequent 
complications of the presenting illnesses under 
treatment. 


COMMENTS 


The effectiveness of the low dosage levels 
with hits newer preparation of phytonadione is 


demonstrated by the excellent clinical response 
of the bleeding episodes treated (Table nm). 
All seven of the subjects who received 10 mg. 
intravenously and the one who received 10 mg. 
subcutaneously responded rapidly and without 
a recurrence of the bleeding. However, this 
small series should not give a sense of false 
confidence. Again, it should be emphasized 
that four of the subjects who were given 10 mg. 
intravenously did not reach a therapeutically 
safe prothrombin time level of 50 per cent or 
more even twenty-four hours after this dose was 
given. The intramuscular or subcutaneous 
routes offer an even less predictable assurance of 
success, although it appears that the intra- 
muscular route may be utilized if a vein cannot 
be entered. In the therapy of catastrophic and 
life-threatening hemorrhage, one must still be 
prepared for failure. If, after an adequate trial 
of vitamin K, therapy, the prothrombin time 
fails to show a recovery one must then resort to 
transfusions of fresh blood to restore a normal 
coagulation mechanism and to reduce the ele- 
vated prothrombin time. 


SUMMARY 


. A study of the effectiveness of a phytonadione 
(vitamin K,) colloidal suspension in reducing 
the elevated prothrombin times of bishydroxy- 
coumarin-treated patients was performed. Pro- 
thrombin times were studied two, four, six, 
eight and twenty-four hours after the adminis- 
tering to groups of ten patients each, of 10 mg. 
of the phytonadione intravenously, intramus- 
cularly and subcutaneously, as well as after 
administering 5 mg. intravenously. 

The 10 mg. dose given intravenously showed a 
statistically significant acceleration of the return 
of the elevated prothrombin times toward 
normal as compared to a control group of eight 
patients similarly studied. This effect was ob- 
served at two hours and was greatest four hours 
after the vitamin was given. The 10 mg. sub- 
cutaneous dose and the 5 mg. intravenous dose 
failed to accelerate the return of the prothrom- 
bin times toward normal. The 10 mg.: dose 
given intramuscularly showed some effect after 
twenty-four hours, but this could not be proved 
statistically significant. Using the 50 per cent 
prothrombin time value as the index of a return 
to a normal coagulation mechanism, four out of 
the group of ten patients given 10 mg. intra- 
venously failed to reach this value. 

Nine bleeding episodes secondary to bishy- 
droxycoumarin therapy were treated. Seven 
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patients receiving 10 mg. intravenously and one 
who received 10 mg. subcutaneously stopped 
their bleeding in six to twenty-four hours after 
treatment. The one patient who received 5 
mg. intravenously continued to bleed until a 
second dose of 10 mg. was given intravenously. 
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Review 


Adams-Stokes Syndrome 


A Review and Follow-up Study of Forty-two Cases” 


Benct W. JOHANSSON, M.D. 
Malmé, Sweden 


URRENT OPINIONS differ concerning the 
C exact definition of Adams-Stokes syn- 
drome. Most authors include in the syndrome, 
fainting caused by too low a cardiac output 
caused either by too slow or too rapid ventricu- 
lar activity. Parkinson et al.! applied the term 
Stokes-Adams disease to patients with heart 
block who suffer from attacks of unconsciousness 
due to a ventricular arrhythmia. I believe 
the best definition, taking into consideration 
both historic facts and clinical practices, is 
as follows: attacks of acute cerebral ischemia 
in nonanesthetized patients on the basis of a 
sudden change in cardiac rhythm. The cere- 
bral ischemia can cause symptoms varying from 
unconsciousness with or without convulsions to 
just a slight dizziness or faintness. The ar- 
rhythmias can vary widely. Complete or 
partial heart block during the free periods is 
common but not necessary for the diagnosis. 

According to this definition of Adams- 
Stokes syndrome, all degrees of cerebral ischemia 
are included. Some authors include only 
patients showing fainting or deep unconscious- 
ness. However, there is a continuous transi- 
tion from the slightest ischemia causing transi- 
tory dizziness to a very marked one producing 
unconsiousness. In all these cases the patho- 
physiologic mechanism is similar and there is 
no reason to set a certain limit such as fainting. 
Furthermore, in his book ‘‘The Diseases of the 
Heart and the Aorta,” Stokes? apparently in- 
cluded all degrees of cerebral ischemia when 
writing: “In some there is a momentary un- 
steadiness in walking, and in others a tendency 
to faint... ,; while in the more decided cases 
the patient becomes suddenly comatose.” 


Historical Notes on Terminology: About half a 
century after the descriptions by Adams* and Stokes,? 
Huchard proposed the name “Adams disease,” 
apparently because of priority, or Stokes-Adams 
disease. This word sequence is surprising and 
Huchard did not motivate putting the name of 
Stokes before that of Adams. Stokes’ description is 
more detailed than that of Adams and he also pro- 
posed the correct etiologic explanation. On the 
other hand, the sequence Adams-Stokes seems to be 
as common as the reverse one and it takes into con- 
sideration the fact that Adams’ paper appeared earlier 
than Stokes’. 

However, Adams* was not the first who described 
this syndrome. Morgagni gave a description in 
1769.4 The syndrome is also sometimes called 
Morgagni-Adams-Stokes syndrome. To be cor- 
rect, however, one should then include all earlier 
descriptions in the name. [If all earlier authors were 
to be honored by having their names included the 
name should at least be Gerbezius-Morgagni- 
Spens-Burnett-Adams-Stokes syndrome which is a 
little too long for practical use. Furthermore, 
Mayo,® Gibson,® Holberton’ and Worthington* pub- 
lished descriptions during the time period between 
the appearance of the papers by Adams and Stokes. 
Further details on historic aspects are given in recent 
papers by MacMurray’® and Lewis.” 


INCIDENCE 


It is impossible to get an exact appreciation 
of the incidence of Adams-Stokes syndrome in 
man because to be quite sure of the diagnosis 
it is necessary to observe the pulse during an 
attack. This is seldom possible and the doctor 
has only anamnestic reports on which to base 
his diagnosis. It is probable that a fainting 
attack in patients with a total heart block is in 
many cases an Adams-Stokes attack but this 


* From the Cardiological Laboratory, Department of Medicine, General Hospital, Malmé, Sweden. 


THE AMERICAN JOURNAL OF CARDIOLOGY 


| 
f 
| 
oat 
4, 
ie 
76 
4 
— 


Adams-Stokes Syndrome 77 


is not necessarily so. On two occasions I have 
been able to observe the cardiac activity in two 
patients with complete heart block during a 
syncopal attack. In one case the pulse did not 
change during the syncopal attack and in the 
other the electrocardiogram showed no cardiac 
arrhythmia. Adams-Stokes syndrome can never 
be diagnosed with certainty without at least 
palpation of the pulse during an attack. 

The incidence of Adams-Stokes syndrome 
among patients* with complete heart block has 
been estimated differently. Hanssen” found 
forty-two in his material consisting of sixty- 
six patients with complete heart block during a 
ten year period and Hofmann™ found Adams- 
Stokes attacks in 49 per cent of his patients 
with complete heart block. The corresponding 
figure for Fatzer™ was 35 per cent and for 
Graybiel and White!® about 66 percent. Penton 
et al.'® found syncope in 67 per cent of their 
patients with total heart block. Sheely!’ 
claimed that the incidence of Adams-Stokes 
attacks increases directly with increase in age. 


Case Material: ‘The present series consists of 
forty-two patients, f the total number of patients 
with a diagnosis of Adams-Stokes syndrome 
treated in the Malm6 General Hospital during a 
ten year period from 1950 to 1959. Malmdisa 
towr with slightly more than 200,000 inhabitants 
(1954) with one general ‘hospital serving the 
whole population. 

Table 1 shows the cases divided according to 
the age at the first Adams-Stokes attack. These 
figures are rather similar to those reported by 
Hanssen.” It is seen that Adams-Stokes syn- 
drome is most frequent’in the ages above fifty 
years. On the other hand, it is by no means 
exclusively restricted to the higher ages, for 
twelve patients had their first attack at an age 
below fifty years. There is an even sex dis- 
tribution, twenty-three being men and nineteen 
being women, but in the higher ages there is a 
tendency for the number of men to predominate 
over that of women. 

Three patients were hospitalized more than 
once (eight, seven and five times, respectively) 
because of the Adams-Stokes attacks; ten 
patients were hospitalized twice while the rest 
were hospitalized just once. 


* Adams-Stokes syndrome is not exclusively a human 
disease; it has also been described in horses." 

+ This is without doubt too low a figure because it 
includes only such patients who have been observed in 
an actual attack. 
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TABLE I 


Forty-two Cases of Adams-Stokes Syndrome Classified 
According to Age at First Attack 


Age at First Number of Patients* 

Attack 

(yr.) Male Female Total 

0-20 2(0) 0(0) 2 
21-30 0(0) 0(2) 2 
31-40 1(0) 2(0) 3 
41-50 1(1) 3(0) 5 
51-60 2(1) 1(3) 7 
61-70 3 (2) 0(3) 8 
71-80 2(4) 0(3) 9 

>80 1 (3) 1(1) 6 
Total 12 (11) 7 (12) 42 


*In this table and tables u, v and vi, the figures 
inside parenthesis indicate patients who were dead at 
the follow-up while the other figures indicate patients 
alive at the follow-up. 


Et1oLocic Factors 


Adams-Stokes syndrome has been ascribed to 
many causes. In his series of nineteen pa- 
tients with Adams-Stokes syndrome, Hofmann” 
reported that complete heart block was pro- 
duced by essential hypertension in eight cases, 
coronary artery disease in five, myocardial 
infarction in three, brown atrophy in one, mitral 
valvular disease in one and a gumma in the 
myocardium in another case. Gonin'® listed 
the causes in decreasing order of frequency to be 
arterial lesions, mitral and aortic valvular disease 
and congenital lesions. Myocarditis of dif- 
ferent etiologies was an infrequent factor. 
Among their patients with complete heart block 
Penton et al.'* found syncope in 77.6 per cent of 
those with coronary artery disease and in 43, 
72 and 38 per cent of those with acute myocar- 
dial infarction, hypertension and rheumatic 
heart disease, respectively. Robertson and 
Mathews!® reported cases of Adams-Stokes 
syndrome caused by ventricular fibrillation and 
Kaindl and Rummelhardt”® listed the causes of 
cardiac arrest or pronounced bradycardia pro- 
ducing Adams-Stokes attacks, including gumma, 
tumor, endocarditis, myocarditis and sclerotic 
changes. 

Besides these reviews there are many case 
reports of Adams-Stokes syndrome due to 
various etiologic factors in addition to myocar- 
dial infarction, coronary artery disease, hyper- 
tension and rheumatic heart disease. These 
include cardiac catheterization,”’” congenital 
defects,“—*"" rheumatic fever,*:*?—** myocardi- 
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TABLE 0 
Classification of Cases According to Age at First Attack and Clinical Diagnosis 


Diagnosis 
= at Chronic 
irst Rheu- Bron- |Nephritis 
Attack Coronary Myo- matic _| Hyper- Myo- chial is q | Gastro-| Cause 
(yr.) Heart cardial Heart |tension| | Sareeid | carci. Myo- enter- Un- 
Disease | Infarction ditis known 
Fibrosis | 
0-20 1 1 
41-50 1 1(1) re 1 ces 1 
51-60 2 (2) ae (1) 1 (1) ras 
61-70 3 (1) (2) (1) (1) 
71-80 1 (5) 1(1) ue (1) =e 
Total 9 (12) 2 (4) 2(2) 2 1 (1) (1) (1) 1 2(2) 
tis,” infection,**—*° tumors,*!:* sarcoidosis,4*—*® Clinical Diagnosis in Present Series: The dif- 


fibrosis of the A-V conduction system,‘’7—*° 
syphilis,*5* so-called Rytand’s syndrome,*® 
calcified ventricular aneurysm,** amoebic hepa- 
titis,°> whooping cough®® and drugs like quini- 
dine,!* prostigmine,® pilocarpine,® strep- 
tomycin,® potassium antimony tartrate® and 
digitalis.:** A muscular type was described® 
but the existence of this type has been denied.” 
The neurogenic forms have been reviewed pre- 
viously.*° In some cases no obvious cause 
was found.®:7° 

Adams-Stokes attacks inchildren are compara- 
tively rare but some cases have been described. 
The attacks have been ascribed to congenital 
complete heart block, rheumatic fever,**” diph- 
theria,” acute hemorrhage” and congenital 
anomalies of various kinds.** Selander™ states 


that cyanosis combined with cessation of heart © 


sounds and breathing activity (which must be 
interpreted as an Adams-Stokes attack) is some- 
times seen in infants, particularly immature ones. 

Other precipitating factors described are 
acidosis and hyperkalemia,’® swallowing,®* 
touching of certain spots in the throat,7®:7’ 
cholecystolithiasis,”® men- 
struation,* Aureomycin® and Cardiazol.®* 
Schnur* believes that a partially inadequate vas- 
cular supply to the A-V bundle might result in 
total functional impairment without causing 
demonstrable histologic changes. 


* This has been defined as fibrosis of the mitral 
annulus with involvement of the bundle of His, heart 
block and apical murmurs. 


ferent etiologic factors are listed in Table nu 
which shows that coronary heart disease (in a 
few cases combined with valvular heart disease 
or essential hypertension) dominated. This is 
valid for both men and women. Next in 
frequency was myocardia! infarction and, among 
women, valvular heart disease. In no case 
was there reason to suspect a luetic origin of the 
syndrome. The Wassermann reaction was 
made in twenty-seven cases and in no case 
was it positive. There was one case with 
Adams-Stokes attacks caused by sarcoidosis. 

In this series there was a history of angina 
pectoris in three patients and mild cardiac 
insufficiency in four patients (Table m). 
Gallbladder disease including jaundice was 
found in eight patients. This is of great interest 
from a therapeutic point of view for cases have 
been described with an intimate relationship 
between gallbladder dysfunction and Adams- 
Stokes attacks.’* Patients with Adams-Stokes 
attacks should, if possible, have an x-ray exami- 
nation of their gallbladder and if there is any 
suspicion of a connection between the gall- 
bladder disease and the Adams-Stokes attacks 
a cholecystectomy should be done. 

It is worth mentioning that in the present 
material one patient had an infection of the 
throat and seven patients showed symptoms of 
acute infections, six of which were gastrointes- 
tinal, just prior to the appearance of the Adams- 
Stokes attacks. In one of these (Case 3) 
there was a definite connection between the 
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TABLE m 
Associated Diseases and Symptoms 


Number of 


Associated Diseases Patients 


Noncardiac diseases 
Cholelithiasis and icterus 
Gastrointestinal disturbances 
Diabetes mellitus 
Commotio cerebri 
Esophageal diverticulum 


WWD 


Cardiac symptoms 
Cardiac insufficiency 
(usually slight) 
Angina pectoris 


wo > 


Adams-Stokes attacks and the gastrointestinal 
symptoms. 

Three of the patients had diabetes mellitus and 
in two there was found an esophageal diverticu- 
lum at autopsy. One of these cases has been 
described in detail.** ‘Two patients in whom no 
definite etiology for the attacks was found had 
sustained cerebral concussion earlier in their 
lives. One of these patients had had five 
concussions one of which was combined with a 
fracture of the skull (Table m). 


ILLUSTRATIVE CASES 


Case 1. Sarcoidosis of Myocardium: A woman, 
fifty-eight years old, who had been well except for 
migraine and a ventricular ulcer experienced her 
first fainting attack three weeks before her admittance 
to the hospital. In the medical clinic there was 
found a complete heart block which changed to a 
sinus rhythm with a normal P-R interval and right 
bundle branch block. A roentgenogram of the heart 
and lungs was within normal limits. Serum choles- 
terol was 340 mg. per cent and the sedimentation 
rate 12 to 16 mm. per hour. The tuberculin test 
(1 mg.) was negative. She was treated with atropine, 
ephedrine and sedatives and discharged. Two 
months later she died suddenly. Autopsy showed 
sarcoid changes with a pronounced involvement of 
the myocardium and especially the interventricular 
septum. 


This case is instructive as it shows that a 
widely spread sarcoidosis causing complete 
heart block and Adams-Stokes attacks can exist 
without any obvious clinical signs of the disease. 


Case 2. Possible Case of Rytand’s Syndrome: An- 
other patient, aged sixty-eight, with an apical mur- 
mur, diabetes mellitus, hypertension and gallbladder 
disease, died suddenly after having had multiple 
Adams-Stokes attacks. Autopsy showed pronounced 
calcifications of both mitral valve leaflets progress- 
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ing into the myocardial septum. This might pos- 
sibly be regarded as a case of so-called Rytand’s 
syndrome. 


Case 3. Acute Gastrointestinal Infection: This was 
a forty-eight year old woman with a history of fre- 
quent vomiting attacks since her youth. On Novem- 
ber 11, 1956 she vomited a couple of times. Two 
days later she had a watery diarrhea which persisted 
until November 16, 1956. On November 21, 1956 
she had an Adams-Stokes attack and she again had 


diarrhea. An electrocardiogram during an attack 


showed a ventricular tachycardia. On December 
5, 1956 she had a long Adams-Stokes attack. After 
seven minutes a thoracotomy was performed; the 
heart was found asystolic. After cardiac massage* 
the heart began beating spontaneously and three and 
a half years after the accident she is fairly well. 


Case 4. Cerebral Concussion; Sinus Arrest: This 
was a twenty year old butcher who was said to faint 
whenever he saw blood. At the age of seven years 
he fell from his bicycle and probably fainted. In 
1955 he was hospitalized because of fainting after 
vomiting and nausea. His right pupil was larger 
than his left one. However, a neurologic examina- 
tion including electroencephalogram before and 
after injection of 50 per cent glucose, x-ray films 
of the skull and right-sided carotid angiography re- 
vealed nothing but a slight papilledema, which soon 
partly disappeared. The patient felt well until 1958 
when he was hospitalized because of similar attacks 
of unconsciousness. An electrocardiogram during 
an attack showed a long period of sinus arrest. 
Before the fainting when the patient had prodromes 
of the coming attack the electrocardiogram was nor- 
mal. A roentgenogram of the chest was normal. 
Neurologic examination revealed a pseudopapillitis 
which had been noted three years earlier. The 
patient was given atropine and after this he has ex- 
perienced only a slight transient attack. It seems 
probable that in this case a cerebral impulse pro- 
duced the attacks. In favor of this is the type of 
electrocardiographic changes (sinus arrest) and 
furthermore the fact that he had a feeling of an im- 
pending attack while the electrocardiogram was still 
normal. 


Case 5. A-V Block and Adams-Stokes Syndrome of 
Unknown Cause: This was a twenty-two year old 
primagravida who in connection with delivery two 
months before her hospitalization had an attack 
thought to have been eclamptic. She was admitted 
to the medical clinic because of a fainting attack. 
She had a complete heart block with QRS complexes 
sometimes showing right and sometimes left bundle 
branch block. A roentgenogram of the heart was 
normal. Serologic reactions were within normal 
limits. During the Adams-Stokes attack a rapid 


* The cardiac massage was performed by Dr. H. 
Ryd. 
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1G. 1. Electrocardiogram. A, just before, and B, during an Adams-Stokes attack due to cardiac arrest. 


Fic. 2. Adams-Stokes attack due to cardiac arrest. 


tion and the last ventricular complex before the attack is preceded by a P wave. 


rhythm later progressing into an atrial fibrillation. 


cardiac activity was noted. She was given ACTH 
during eleven days with no beneficial effect. The 
case was Clinically interpreted as a probable post- 
partum myocarditis. However, autopsy and micro- 
scopic examination of multiple slices from the conduc- 
tion system and the myocardium showed no patho- 
logic findings. 


CLINICAL AND ELECTROCARDIOGRAPHIC NOTES 


The clinical appearance of an Adams-Stokes attack 
displays a varying pattern. The mildest symp- 
toms have been described as a momentary 
weakness or giddiness. The bystander may 
note a sudden pallor of the face and the patient 
may stop in the midst of a conversation or 
stagger.*® In some attacks the loss of con- 
sciousness may be partial, in others a total loss 
of consciousness occurs with or without muscular 
twitchings or convulsions and passing of urine 
and stools. Characteristic is the initial pallor of 
the body and especially the face, in many cases 
gradually progressing into a cyanosis of in- 
creasing degree. When the heart starts beating 
and the pulse becomes palpable a sudden pink 
flush of the face occurs. The breathing during 
the attack is often stertorous; it may become 
gasping or cease at the end of an attack. Some- 
times breathing of Cheyne-Stokes type is ob- 
served. Grassberger*® described a certain type 
of breathing with increase in both depth and 
rate during the attack. Neuropathologic find- 
ings occur in the more serious and prolonged 
attacks such as conjugate deviation; the 
Babinski sign may be elicited. Focal neuro- 


The electrocardiogram just before the attack shows atrial fibrilla- 


The attack ends with a P wave, the 


logic phenomena have rarely been described.*® 
In the present series a woman (Case 3) had 
cerebral damage and paralysis of the right arm 
after a prolonged Adams-Stokes attack. 
Differentiation from Epileptic Fit: In some cases 
it is impossible to decide whether a patient with 
convulsions, loss of consciousness, passing of 
urine and stools and foam around the mouth 
has an Adams-Stokes attack or an epileptic 
fit. The best way to differentiate between these 
two diseases is palpation of the pulse during 
the attack. However, even this sign might be 
hard to evaluate as is demonstrated by a 
case reported by Kriiskemper®’ in which the dis- 
appearance of the pulse occurred a few moments 
after the clouding of the sensorium. It is 
possible that Case 4 also belongs to this group. 
The case reported by Broser and Stiihler**— 
a patient with attacks similar to petit mal and 
grand mal attacks, both beginning with an 
aura and which turned out to be no epileptic 
fits but Adams-Stokes attacks with asystole—is 
very instructive in this connection. An elec- 
troencephalogram in this patient showed no 
epileptic potentials. Gastaut and Fischer-Wil- 
liams** have studied the ¢electroencephalographic 
pattern in patients with syncope and concluded 
that while during epileptic fits the cortex is 
functioning this is not the case during a syn- 
copal seizure. Bellville et al.8° made similar 


studies of cardiac arrest during operation. 

The Adams-Stokes attacks may be divided 
into a cardiogenic and a neurogenic form. The 
existence of the latter type has been questioned 
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Fic. 3. Electrocardiographic changes after injection of 1 X 10~7 gm. acetylcholine into an isolated guinea pig heart 


perfused with Tyrode solution. 


Note the persistence of P waves and disappearance of the ventricular complexes. 


The P-R interval is but slightly prolonged and the P rate is essentially unchanged. 
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Fic. 4. A, electrocardiogram taken during an Adams-Stokes attack due to a supra- 
ventricular tachycardia. B, electrocardiogram just after the attack. 


but I do not believe there is any doubt about 
the existence of a neurogenic form.® +78 


ELECTROCARDIOGRAPHIC FEATURES 


The electrocardiographic pattern described during 
an Adams-Stokes attack varies considerably. 
Holzmann divided the attacks into (1) adynamic 
forms (Lahmungsform) which consist of (a) 
a ventricular adynamic form in which atrial 
activity is found and (b) a total adynamic form 
in which atrial activity is lacking; (2) hypo- 
dynamic form with a slow ventricular activity; 
(3) hyperdynamic form (Reizungsform) with too 
rapid cardiac activity. 

Much has been written on Adams-Stokes 
attacks being due to a sinoatrial block (Fig. 
1 and 2).®-67.91-% Attacks have, however, 
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also been ascribed to ventricular standstil 
with remaining atrial activity (Fig. 3), 
sinus bradycardia and other kinds of brady- 
cardia, haroxysmal supraventricular 
(Fig. 4)!°°1% and ventricular! tachycardia, 
or attacks of extrasystoles'*!°° sometimes in 
bigeminy,'® ventricular flutter**°* and ven- 
tricular fibrillation (Fig. Var- 
ious combined forms have also been described. 
The attacks may for example begin with a 
rapid phase (ventricular tachycardia or fibril- 
lation) and end with ventricular asys- 
tole??,56.85,118-120 or the reverse pattern is 
seen.!2!:122 In some cases the palpated pulse 
is not only slow but also very irregular.’*-! 
In Gluch’s case'® all the ventricular complexes. 
were preceded by a P wave. He called this. 
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Electrocardiogram (lead V,). 
fibrillation. The distance between two heavy lines is 0.1 second. 


Fic. 5. 


‘sinus fibrillation.” Combinations of different 
rapid forms (ventricular tachycardia, flutter and 
fibrillation) are also Hofmann" men- 
tioned that Adams-Stokes attacks produced by 
atrial fibrillation with tachysystole are rare. 
Atrial flutter with too high a ventricular fre- 
quency has been reported.'* Attacks com- 
bined with a strange form of monophasic ac- 
tion potential have been described by 
Schmidt.!*° Many of the previously mentioned 
arrhythmias have occurred without complete 
heart block having been registered. 

Electrocardiogram during Attack: In the present 
series it was possible to record the electrocardio- 
gram during an Adams-Stokes attack in six- 
teen patients. In four patients more than one 
attack was registered (Table tv). It is seen 
that tachyarrhythmias are almost as common as 
cardiac asystole and bradycardia. It is of 
interest to note that in the same patient the 
different Adams-Stokes attacks seemed to be 
caused by a similar cardiac arrhythmia. In 
three cases, which for various reasons have not 
been included in this series, the underlying 
arrhythmia was in one case ventricular fibrilla- 
tion, in the second cardiac arrest and in the 
third case ventricular multifocal tachycardia 
followed by ventricular arrest. In this last 
case five attacks were recorded which all showed 
the same pattern. 

Electrocardiogram in Interval between Attacks: 
An important question is whether it is possible 


TABLE IV 


Cardiac Arrhythmias Recorded Electrocardiographically 
during Adams-Stokes Attack 


Number | Number 
Arrhythmia of of 
Patients | Attacks 


Ventricular fibrillation 4 4 
Ventricular flutter or tachy- 

cardia 2 2 
Cardiac arrest 5 7 
Bradycardia 3 5 
Ventricular tachyarrhythmia 

and cardiac arrest 2 2 


A, just before, and B, during an Adams-Stokes attack due to ventricular 


from the electrocardiogram recorded during an 
attack-free interval to decide if the patient suffers 
from Adams-Stokes syndrome or some other 
form of attacks with similar symptoms. As 
previously stated it is my experience that in 
patients with complete heart block a syncopal 
episode must not necessarily mean an Adams- 
Stokes attack. Hofmann” claimed that in 
patients with A-V block a high atrial rate with 
equal P-P intervals and prolonged QRS duration 
are signs of a proneness to Adams-Stokes attacks 
while a low atrial rate, a pronounced Erlanger- 
Blackman phenomenon* and a normal QRS 
duration indicate that the patients are free from 
Adams-Stokes attacks. The value of bundle 
branch block as a sign supporting the diagnosis 
of Adams-Stokes syndrome has also been 
stressed by Stokes'*! and Bourne.’ On the 
other hand, Broser and Stiihler,** Schwartz 
and Hauswirth"® and Cookson!** have found a 
normal electrocardiogram between the attacks 
and Penton et al.’® found that in many cases 
syncope may precede permanent complete 
heart block by months or a few years. Séder- 
strém™4 recorded conspicuously long R-R 
intervals in some patients with atrial fibrillation; 
these he considered to be in immediate danger 
of Adams-Stokes attacks. Schwartz and Haus- 
wirth"® found a certain type of ventricular 
oscillation to be pathognomonic for ventricular 
fibrillation. 

In the present series it was found that com- 
plete heart block prevailed in sixteen cases in 
the interval between attacks, while sinus rhythm 
was found in nineteen cases, nodal rhythm in 
three cases and atrial fibrillation in four cases. 
It has been stated that the Q-T duration is 
prolonged after an attack. In the present 
series it occurred in only a few cases. Extra- 
systoles were often noted between attacks 
caused by a tachyarrhythmia but this was an 
occasional finding also in patients with Adams- 
Stokes attacks due to cardiac arrest. 

In patients with complete heart block subject 


* A positive Erlanger-Blackman phenomenon implies 


that in block the P-P intervals with a QRS complex are 
shorter than the P-P intervals without a QRS complex. 
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to Adams-Stokes attacks, the QRS duration was 
usually prolonged, the mean being 0.11 second. 
In three patients with a complete heart block 
and no Adams-Stokes attacks the QRS duration 
was within normal limits, the mean being 0.08 
second. These results confirm those earlier 
published by Stokes,’*! Bourne and Hof- 
mann.’® With these three patients as controls 
I have also tried to test the other criteria given 
by Hofmann.”® It was found that the atrial 
rate averaged 97 per minute in patients with 
complete heart block and Adams-Stokes attacks 
and 78 per minute in patients without attacks. 
The Erlanger-Blackman phenomenon was found 
positive in one and negative in five patients with 
Adams-Stokes attacks and in patients without 
attacks positive in two, and negative in one. 
The figures are small but they seem to confirm 
Hofmann’s results. 


MECHANISMS OF ATTACKS 


Sinus Arrest in Sinoatrial Block: It has been 
supposed that vagal influences might be of 
importance in producing sinoatrial block. Cer- 
tain clinical experiences suggest that other 
factors are also of importance; it has been 
reported that atropine is of no or little” 
value in this condition. Schild and Weise'*® 
proposed that changes in the autonomic in- 
nervation might be of importance in creating a 
sinoatrial ‘block and Thomsen’ found in his 
patient that sympathetic stimulation with 
exercise and amyl nitrite converted a slow 
irregular pulse to a regular pulse of normal 
rate. Some of these experiences might perhaps 
be interpreted to indicate that, in some cases 
at least, the eliciting factor is not an increased 
vagal tone but rather a decreased sympathetic 
tone. Christoffersen and Vermehren™’ con- 
sidered it probable that the cardiac lesion pro- 
ducing the sinoatrial block is not limited to the 
sinus node, for this is large, but that the atria 
are involved too. 

Ventricular Asystole and Bradyarrhythmia: Ven- 
tricular arrest combined with persistent atrial 
activity is more difficult to explain. Bellet 
et al.”5 have pointed out the different sensitivity 
to hyperkalemia of the ventricular pacemaker 
and the sinus node and also the importance of 
changes in pH for the precipitation of Adams- 
Stokes attacks. According to Wenckebach and 
Winterberg,®’ Schmoll*’ was the first to suppose 
that in patients with heart block the propagation 
of the impulse in the ventricles might be blocked, 
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in this way producing an Adams-Stokes attack. 
Volhard"*’ called this “block in block.” The 
existence of this block in block mechanism is 
supported by an observation by White™*® who 
described a case with complete heart block 
where the ventricular rate alternated between 
36 and 19 per minute. White supposed that 
sometimes every second beat emanating from 
the ventricular pacemaker was blocked. There 
are thus certain facts in favor of the view that 
the ventricular arrest combined with persisting 
atrial activity might be a pre-automatic pause 
because of blocking of the impulses emanating 
from the A-V node or the ventricle. 

Vagal Factors: Besides the other factors in- 
volved (acidosis, hyperkalemia) it is possible 
that a vagal influence may be of some impor- 
tance. There are certain facts favoring the 
view that the influence of the vagus on centers 
“below” the sinus node can be rather pro- 
nounced, at least under some conditions: 

1. The shortening of the Q-T interval after 
vagal stimulation. 

2. Clinical results such as the one reported by 
Hick"*® who observed ventricular arrest in a 
patient without partial biock before and after 
the Adams-Stokes attack and with the atria 
beating regularly all the time. These attacks 
could be reproduced by carotid sinus pressure. 
I have also observed a case where there. are 
reasons to believe that a vagal reflex produced 
ventricular arrest while the atria were still 
beating. 

3. Experimental results as shown in Figure 3. 

Wenckebach and Winterberg® partially 
adopting a theory proposed by Erlanger’ 
stated that in patients with partial heart block 
an Adams-Stokes attack can be produced by 
(1) development of a complete heart block; 
(2) increased inhibition of the conduction 
mediated through the vagus; and (3) an 
increase of the atrial rate. 

There are other conceivable mechanisms in 
patients with Adams-Stokes attacks caused by a 
bradycardia, such as changing blood supply 
to the sinus node. To this group probably belong 
the cases reported by Baumler, Griffith 
and Wenckebach and Winterberg® in which 
Adams-Stokes attacks appeared correlated to 
the different phases in Cheyne-Stokes breathing. 

Ventricular Tachyarrhythmias: ‘The mechanism 
behind the development of tachyarrhythmias is 
not clear. As for Adams-Stokes attacks caused 
by ventricular fibrillation in patients with acute 
myocardial infarction, Beck’s theories’ con- 
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cerning oxygen differential potentials are of 
interest. 


THERAPY 


The earlier treatment of Adams-Stokes syn- 
drome was rather simple. With the hypothesis 
that the attacks were caused by cardiac arrest or 
pronounced bradycardia the patients were 
given ephedrine, atropine or similar drugs. 
After it had been known that an attack can also 
be produced by a tachyarrhythmia therapy has 
in certain respects changed. It is most impor- 
tant always to have an electrocardiogram of an 
attack to know which is the underlying ar- 
rhythmia. 

Adams-Stokes attacks appear very irregularly 
and because of this the result of the therapy is 
difficult to evaluate. Furthermore, most authors 
report a very small number of patients, making 
it very hard to compare different drugs or the 
effect of the same drug on different occasions. 
Zoll et al.*° have shown that even during very 
similar experimental conditions there occur 
striking differences in effects of the same agent in 
closely spaced trials on the same patient. 

Sometimes it is possible to determine the 
etiology of the Adams-Stokes syndrome. In 
these cases it is important to treat the underlying 
disease (treatment of syphilis, diphtheria, etc., 
surgical resection of an esophageal diverticulum 
or gallbladder, nerve section in some cases of 
the neurogenic form, cessation of a drug pro- 
ducing the attacks, etc.). 

Sympathomimetic Amines: In attacks produced 
by ventricular arrest or pronounced bradycardia 
it is of importance to arouse new foci and in- 
crease the ventricular rate, respectively. For 
this purpose different sympathomimetic amines 
have been used. It has been stated’® that only 
epinephrine, isoproterenol, (Isuprel,® isopropyl- 
norepinephrine) and ephedrine show a stimulat- 
ing effect high enough while other sympatho- 
mimetic amines are of less or no value for this 
purpose.’ Zoll et found the effects of 
epinephrine and isoproterenol to be similar 
except in their effects on the blood pressure and 
on the sinoatrial rate. Epinephrine tended to 
increase the blood pressure while isoproterenol 
had either no effect or decreased the blood 
pressure. Isoproterenol usually accelerated the 
sinoatrial rate markedly, whereas the effect of 
epinephrine was comparatively slight. 

Isoproterenol mainly affects the higher 
cardiac centers like the S-A and A-V nodes. 
This is the reason why isoproterenol has been 


recommended even when extrasystoles occur!” 
or when ventricular arrest alternates with 
ventricular tachycardia or fibrillation in the 
same patient. After subcutaneous administra- 
tion the effect of isoproterenol appears earlier 
and reaches a peak earlier than epinephrine.'*® 
Isoproterenol can be administrated sublingually, 
subcutaneously, intramuscularly or intrave- 
nously. The intravenous route is not without 
risks and should be used only in urgent cases. 
The effect is rapid even with a sublingual 
administration. It is often necessary to use 
rather high doses (10 to 20 mg. every one to 
six hours). Norepinephrine has been said to 
produce ectopic rhythms. It is my experience 
from animal experiments that there is no dif- 
ference between epinephrine and norepinephrine 
in the production of ventricular extrasystoles. 
Other Drugs: In some cases atropine is of 
value especially when there are reasons to 
suspect a neurogenic origin.*® 4 In some of 
these cases of neurogenic origin it has been 
possible to abolish the attacks by sectioning the 
pertinent holds molar 
sodium lactate to be an extremely valuable 
adjunct in the treatment of Adams-Stokes 
attacks, especially those produced by cardiac 
arrest. ‘This agent has also been used by other 
authors, not always with the good results Bellet 
has_ Barium chloride has 
been advocated as a stimulating agent.15°—1% 
It is used to a rather small extent now as for 
different reasons it is regarded as potentially 
dangerous.'*-15 ‘There is no unanimous opinion 
concerning the use of digitalis.2°*> Other drugs 
recommended are thyroxin,!** Paredrine,®”8 
Pervitin,®** caffein,'** corhormon,!*’ ethylnor- 
epinephrine, benzedrine,!®** methamphet- 
amine!®* and hypertonic glucose solution.!*® 


‘These agents have been tried on a small num- 


ber of patients only and the results are difficult to 
evaluate. 
Artificial Electrical Pacemakers: In 1951 Cal- 
laghan and Bigelow!® described the use “of an 
electrical artificial pacemaker for standstill of 
the heart of dogs and rabbits. Zoll'®™ in 1952 
published a report on the use of an external 
pacemaker in man. The indications have been 
developed by Zoll and many other reports on 
the use of electrical artificial pacemakers have 
The technic has varied 
somewhat: Some authors used external stim- 
ulation; Furman and Schwedel!® stimulated 
the endocardium of the heart through a cath- 
eter; Others implanted a myocardial wire or 
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electrode percutaneously or by _ epicardial 
suture. Jackson et al.'®’ described a patient 
who learned to manage the pacemaker himself, 
turning it on when he felt the attack was coming. 
One of the difficulties is that after some time 
the stimulation threshold becomes too high. 
I have tried to overcome this difficulty by using 
a transistor pacemaker which is automatically 
turned on when the heart stops beating and 
stops itself when the heart again begins beating. 
Another method that seems very promising 
has been developed by Elmquist.’* He has 
avoided the gradually increasing resistance 
by constructing an electrode consisting of a 
thin platinum disk of an area of about 1 square 
cm. attached to a piece of plastic. Through two 
holes the electrode can be sutured to the 
epicardium. By this method an electrode has 
been functioning one and a half years without 
increase in the resistance.'® The wires go from 
the electrodes to the generator which is implanted 
subcutaneously. Further experiments with this 
type of electrode are in progress in the Cardio- 
logical Laboratory in Malm6 and our experience 
of itisgood. When, at an emergency, it becomes 
necessary artificially to stimulate the heart this 
electrode of course cannot be used. In these 
cases the heart should be stimulated externally 
or punctured with a needle being in communi- 
cation with a wire and stimulator. This equip- 
ment should be easily available in an emergency 
department.. Another method that seems 
promising is the external cardiac massage. 
Ventricular Tachycardia and Fibrilation: In 
Adams-Stokes syndrome caused by a tachy- 
arrhythmia quinidine, . procaine amide and 
sometimes potassium have been used.!6-101,170 
It has been pointed out, however, that these 
agents are contraindicated in patients with 
complete heart block!*!71” and quinidine 
seemed to aggravate the state in the presence of 
intraventricular conduction defects.’® Zoll et 
al.!” stated that this contraindication does not 
apply to patients with partial A-V_ block. 
Schwartz et al.!” ascribed the contraindications 
to the following characteristics of the procaine 
amide: depressant effects on the S-A and A-V 
nodes and on the conduction within the ven- 
tricles. Furthermore, this drug favored the 
development of ventricular ectopic beats pro- 
gressing into ventricular fibrillation. Zwil- 
linger!’?? obtained good results by injection 
intracardially of 10 to 20 cc. of a 15 per cent 
solution of magnesium sulfate. Winter® re- 
ported a patient whose attacks were precipitated 
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by mental excitement. In this patient quinidine 
had no effect while morphine and a barbiturate 
in large doses prohibited the attacks. In a 
patient with attacks produced by ventricular 
fibrillation progressing into ventricular arrest 
Levine and Matton"® reported a good effect of 
epinephrine during the second phase. It has 
been possible to stop ventricular fibrillation 
with alternating current.'!% Sometimes thor- 
acotomy becomes necessary!”‘ as was performed 
on one patient in the present series. 

Steroid Therapy: ACTH and corticosteroids 
have been used in the treatment of Adams- 
Stokes attacks with varying degree of success. 
Prinzmetal and Kennamer'” in 1954 described 
its use in acute myocardial infarction. Fried- 
berg et al.!”* reviewed the literature and reported 
its use also in chronic cases in which there was no 
suspicion of recent myocardial infarction or 
inflammatory infiltrations. 

In some cases the exact arrhythmia causing 
the Adams-Stokes attack is not known. In 
these cases it has been recommended to give 

It is difficult from the present series to 
evaluate the superiority of one special remedy 
over another. It might be of interest, hdwever, 
that as early as 1955 a patient with Adams- 
Stokes attacks (Case 5) was treated with ACTH 
but with no apparent beneficial effect. We 
have later used steroids or ACTH in a few 
patients, in some without effect and in some 
probably with at least a transitory decrease or 
disappearance of the Adams-Stokes attacks. 


PROGNOSIS 


The prognosis of a patient with Adams- 
Stokes attacks is usually regarded as very bad. 
This, however, is not necessarily so. It is con- 
ceivable that the attacks will decrease in number 
or disappear completely when the underly- 
ing mechanism is broken. ® 78,124,147 177,178 ,179 
Adams-Stokes attacks complicating congenital 
heart block are said to have a good progno- 
This is also the case for attacks which 
are said to be produced by an overactivity of the 
Sinoatrial block causing Adams- 
Stokes attacks usually has a good progno- 
sis'* 67.185 eyen if all authors do not agree.**:!*! 
Dressler’’* regarded ventricular fibrillation as 
prognostically more unfavorable than ven- 
tricular arrest. Bellet'*® held the prognosis to 
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be better in those cases in which normal sinus 
rhythm followed the complete block. 
Most of the previously mentioned results are 
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TABLE V 


Survival Time after First Attack According to Clinical 
Diagnosis 


Number of Patients Surviving 
First Attack (yr.) 


TABLE VI 
Survival Time with Reference to Age at First Attack 


Diagnosis 


<1 


1-3 


3-5 


5-10 


>10 


Coronary heart 
disease 
Myocardial 
infarction 
Sarcoid 
Valvular heart 
disease 
Hypertension 
Bronchial carci- 


2(9) 
1(4) 
(1) 
(1) 


(1) 


1(1) 


1(1) 


3(1) 


noma and 
esophageal 
diverticulum 
Chronic nephri- (1) 
tis and myo- 
cardial infarc- 
tion 
Myocarditis pal’ 1 
(?) 
Unknown cause (1) & 


derived from causistic reports. In forty-two 
patients with Adams-Stokes syndrome described 
by Hanssen” a rather high mortality was 
observed during the first observation year in 
patients more than sixty years old. Penton et 
al.!® claimed a bad prognosis for patients who 
had Adams-Stokes attacks for the first time 
during an acute myocardial infarction. The 
average duration of life after the first syncopal 
attack in cases other than those just mentioned 
was about seven years, the range being from 
several hours to eleven years. Robertson and 
Mathews!® arrived at a similar conclusion, 
stating that the prognosis is always grave but it 
is significant that survival for years is possible. 
Survival in Present Series: In the present series 
there were at the follow-up nineteen patients 
alive while twenty-three had died. Table 
v shows the time of survival after the first 
attack divided according to the diagnosis. 
Patients with coronary heart disease form the 
largest group. There was a high mortality 
during the year after the first attack. How- 
ever, about half the patients survived more 
than one year and two have survived ten years 
or more (ten and twenty-five years, respec- 
tively). The present material confirms the 
observation by Penton et al.’® that the prog- 


Age at Number of Patients Surviving First Attack 
First (yr.) 
Attack 
(yr.) <1 1-3 3-5 5-10 | >10 
0-20 1 1 
21-30 (2) is 
41-50 1(1) 1 1 1 
51-60 (3) ee (1) 1 2 
61-70 (4) (1) 1 1 1 
71-80 (5) 1(1) (1) Reka 1 
>80 2(3) (1) 
TABLE VII 
Status of Patients Who Survived First Adams-Stokes 
Attack 
Number of 
Status Patients 
Reduced heart volume 
<500 cc. 10 
500-800 cc. 7 
>800 cc. 1 
No data 1 
Symptoms 
No symptoms 1 
Moderate symptoms 
(can work) 9 
Pronounced symptoms 
(cannot work) 9 
Change in fitness for work 
No change 15 
Moderate decrease 3 
Invalided 1 


nosis for Adams-Stokes attacks in patients with 
myocardial infarction is bad, with four patients 
out of six dead within the first year. On the 
other hand, one patient has survived for eleven 
years and the one still alive at the follow-up was 
in good condition five months after his infarction. 

Table v1 shows the survival time related to the 
age at the first attack. The cause of death in 
twenty-three patients was as follows: (1) 
Adams-Stokes attack in ten patients; (2) other 
diseases in six patients; and (3) unknown in 
seven patients. It is apparent that the death of 
many patients coincides with a new Adams- 
Stokes attack. In only two cases surviving more 
than one year has it been possible to decide the 
cause of death: both these patients died after 
an Adams-Stokes attack. 

Cardiac Status in Surviving Patients: Table 
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TABLE vill 


Prevailing Cardiac Mechanism Between Attacks 
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Prevailing Rhythm between Attacks 

Status at Normal Bundle 
Follow-up QRS- Branch 

Study Sinus Nodal Auricular Complete Duration Block 

Rhythm Rhythm Fibrillation | Heart block 
Surviving 9 Ce 4 5 14 5 
Dead 10 2 0 11 8 15 
vu shows that almost all the surviving patients TABLE Ix 


have some symptoms of their disease although 
about half of them can work. Most of these 
patients’ symptoms are caused by the under- 
lying disease; they are not sequelae of the 
Adams-Stokes attacks. This is apparent from 
the table which shows that in fifteen out of 
nineteen patients there was no change in their 
ability to work after the attacks began. Table 
vu also shows that more than half of the 
surviving patients have a normal heart size on 
roentgenography. 

Five of the nineteen surviving patients 
showed occasional or constant bundle branch 
block, usually left-sided, while no bundle 
branch block was found in fourteen patients; 
corresponding figures among the twenty-three 
dead patients were fifteen and eight (Table vim). 
Sinus rhythm prevailed in nine surviving patients 
while five showed a complete heart block, four 
atrial fibrillation and one patient had a nodal 
rhythm. Eleven of the dead patients showed a 
complete heart block—in two sometimes inter- 
rupted by sinus rhythm—two had a nodal 
rhythm and ten showed sinus rhythm; in 
about half of these ten cases blocks of different 


Cardiac Mechanism during Attack and Survival Time 


Number of Patients 
Type of Arrhythmia | Surviving First Attack (yr.) 
during Adams-Stokes 
Attack 
<1 | 1-3 | 3-5 | 5-10| >10 

Ventricular fibrilla- 2 1 1 ress 2 

tion and flutter 
Ventricular tachy- 1 

cardia 
Bradycardia 2 
Cardiac arrest 5 1 1 


degree were found. Extrasystoles were seldom 
seen in the survivors but occurred frequently 
in the patients dead at the follow-up. Table 
ix shows that the tachyarrhythmic forms 
of Adams-Stokes attacks did not have a worse 
prognosis than those caused by bradycardia or 
cardiac arrest. Two patients not included in 


this series had Adams-Stokes attacks caused by 
cardiac arrest and bradycardia, respectively. 
Both patients died within the first year after 
the attacks began. 
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Fic. 6. Case 6. Electrocardiogram at eight years of age. 
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Fic. 7. Case 6. 
tachycardia or fibrillation. 


The, following case report also shows that 
even if ventricular fibrillation produces the 
Adams-Stokes attacks, the prognosis need not 
be grave. 


Case 6. Survival Following Adams-Stokes Attacks 
Due to Ventricular Fibrillation:* This was a twenty- 
six year old man who had pneumonia twice in his 
youth and as a child had whooping cough and 
measles. At the age of five, syncopal attacks began. 
They appeared during sleep or in the morning. They 
were thought to be of an epileptic nature although 
electroencephalograms showed no signs of epilepsy. 
At eight years of age he was hospitalized with a di- 
agnosis of acute encephalitis, acute myocarditis and 
epilepsy. Auscultation revealed an apical systolic 
murmur. Repeated electrocardiograms showed a 
strange pattern with broad T waves and a marked 
Q-T prolongation (Fig.6). There isa possibility that 
the “Q-T” prolongation is produced by a U wave. If 
this is so the U wave is of an abnormally high ampli- 
tude. At age twenty years the electrocardiographic 
pattern was the same. Injection of calcium chloride 
and magnesium sulphate intravenously and an exercise 
test did not change the pattern; nor did potassium 
acetate by mouth. Values for serum potassium, 
calcium, sodium and phosphorus were normal. 
X-ray examination of the heart showed a normal 
configuration but it was slightly enlarged. This 
enlargement had disappeared at the follow-up ex- 
aminaticn. 

During hospitalization at sixteen years of age a 
syncopal attack was registered electrocardiograph- 
ically and showed in the beginning a ventricular 
fibrillation and in a later phase another type of 
arrhythmia which is more like a ventricular tachy- 
cardia (Fig. 7). At present the patient can work and 
feels well. The number of attacks has shown a 
tendency to decrease in frequency: during 1959 he 
had four attacks against ten per year earlier. 


Frequency of Subsequent Attacks: There was 
most often a tendency to a decrease in the 
frequency of the Adams-Stokes attacks. Among 
the survivors the attacks had disappeared com- 
pletely within the first year in four patients, 


* This patient has been reported by Dr. Belfrage at 
the Meeting of the Swedish Medical Association, 1958. 


Electrocardiogram during an Adams-Stokes attack, showing ventricular 


within one to three years in six and within 
three to five years in two patients. On the 
other hand, in seven out of the nineteen surviving 
patients the attacks never ceased. Three pa- 
tients with a follow-up of five to ten years had one 
to fifteen, ten to thirty and more than thirty at- 
tacks per year, respectively. In four patients 
with a follow-up of more than ten years, one 
patient had six to ten, two had ten to thirty and 
one patient had more than thirty attacks per 
year. 


SUMMARY 


A review of the literature on Adams-Stokes 
syndrome is given and a series of cases from the 
General Hospital in Malm6 during a ten year 
period is presented. The series consists of 
forty-two patients and includes only such pa- 
tients in whom an attack has been observed. 

Adams-Stokes syndrome is most frequent 
above fifty years of age but about 30 per cent 
of the patients had their first attack below fifty. 
Coronary heart disease dominated as an etiologic 
factor; next came myocardial infarction and, 
among women, valvular heart disease. Some 
case reports are given, one of Adams-Stokes 
attacks caused by sarcoid, another by Rytand’s 
syndrome. 

It was possible to record the electrocardi- 
ogram during an Adams-Stokes atta¢k in sixteen 
patients. When more than one attack was 
registered in the same patient the different 
attacks seemed to be caused by a similar cardiac 
arrhythmia. A tachyarrhythmia produced the 
attacks almost as often as a_ bradycardia 
or asystole. In patients with complete heart 
block it was found that a syncopal attack 
was more probably an Adams-Stokes attack if 
the QRS duration was prolonged, if the atrial 
rate was high and if the P-P intervais were 
equal. 

The mechanisms precipitating the attacks are 
mentioned. It is suggested that a vagal in- 
fluence on centers “below” the sinus node 
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might be of greater importance than believed 
earlier. 

The prognosis for a patient with Adams- 
Stokes attacks is usually regarded as very bad. 
This, however, is not necessarily so. Patients 
with coronary heart disease show a high 
mortality during the year after the first attack 
but about half the patients survived more than 
one year and two have survived ten years or 
more. The prognosis for patients with Adams- 
Stokes attacks following myocardial infarction 
is bad, with four patients out of six dead within 
the first year. On the other hand, the progno- 
sis need not be bad if the patients survive the 
first months. Bundle branch block and ar- 
rhythmias of different kind were found to be 
signs of bad prognosis. There was no difference 
in the prognosis of attacks produced by a 
bradyarrhythmia and a tachyarrhythmia. 


REFERENCES 


1. Parkinson, J., Papp, C. and Evans, W. The 
electrocardiogram of the Stokes-Adams attack. 
Brit. Heart J., 3: 171, 1941. 

2. Strokes, W. The Diseases of the Heart and the 
Aorta, p. 323. Dublin, 1854. Hodges & Smith. 

3. Apams, R. Cases of diseases of the heart accom- 
panied with pathological observations. Dublin 

Hosp. Rep. Communic. in Med. Surg., 4: 353, 1827. 

4. Morcacni, J. B. The seats and causes of diseases, 
in: Major, R. H. Classic Descriptions of 
Disease, 3rd ed. Oxford, 1948. Blackwell 
Scientific Publications. 

5. Mayo, H. Some cases of slowness of the pulse. 
London M. Gaz., 22: 232, 1838. 

6. Grsson, J. R. Cited in reference 9. 

7. Hovsperton, T. H. A case of slow pulse with 
fainting fits which first came on two years after 
an injury of the neck from a fall. Med. Chir. 
Trans. Roy. Soc., London, 24: 76, 1841. 

8. WortuHincton, W. C. Cited in reference 9. 

9. MacMurray, F. G. Stokes-Adams disease. A 
historical review. New England J. Med., 256: 
643, 1957. 

10. Lewts, J. K. Stokes-Adams disease. An account 
of important historical discoveries. Arch. Int. 
Med., 101: 130, 1958. 

11. Banc, O., Perersen, G. and Petersen, O. V. 
C. E. Two cases of bradycardia in_ horses. 
Adams-Stokes’ disease. Sinus-bradycardia. 
Heart, 6: 199, 1917. 

12. Hanssen, P. The incidence of auricular flutter 
and auricular fibrillation associated with com- 
plete auricular-ventricular dissociation. Acta 
med. Scandinav., 136: 112, 1949. 

13. Hormann, H. Herzrhythmusstérungen bei Adams- 
Stokesschen Syndrom und ihre Behandlung. 
Ztschr. ges. inn. Med., 10: 516, 1955. 

14. Farzer, G. Etude de J’electrocardiogramme dans 
le bloc atrio-ventriculaire. Cardiologia, 10: 305, 
1946. 

15. GraypieL, A. and Wuitr, P. D. Complete 


juLy 1961 


auricular-ventricular dissociation. A _ clinical 
study of seventy-two cases with a note on a curi- 
ous form of auricular arrhythmia frequently 
observed. Am. J. M. Sc., 192: 334, 1936. 

16. Penton, G. B., Mitier, H. and Levine, S. A. 
Some clinical features of complete heart block. 
Circulation, 13: 801, 1956. : 

17. SHeety, R. F. Adams-Stokes disease in the 
geriatric patient. J. Am. Geriatrics Soc., 2: 223, 
1954. 

18. Gontn, A. Le syndrome de Morgagni-Adams- 
Stokes (vertiges et syncopes dans la dissociation 
auriculo-ventriculaire). Arch. mal. coeur, 31: 
1172, 1938. 

19. Ropertson, E. S. and Matuews, E. C. Paroxys- 
mal ventricular fibrillation producing Adams- 
Stokes syndrome. Arch. Int. Med., 90: 320, 1952. 

20. F. and RumMEeLHARDT, K. Zrr Therapie 
rezidivierender Adams-Stckes-Anfille. Wien. 
klin. Wehnschr., 68: 583, 1956. 

21. Haut, P. Personal communication. 

22. SaAsAHARA, A. A., RupoLpH, A. M., Horrman, 
J. I. E. and Hauck, A. J. Ventricular fibrilla- 
tion during catheterization of the right side of 
the heart terminated successfully by external 
defibrillation. New England J. Med., 261: 26, 
1959. 

23. Crark, R. J. and Wuire, P. D. Congenital 
aneurysmal defect of the membranous portion 
of the ventricular septum associated with heart 
block, ventricular flutter, Adams-Stokes syn- 
drome and death. Circulation, 5: 725, 1952. 

24. Farsscer, B. Das Adams-Stokessche Syndrom im 
Sauglingsalter. Ann. paediat., 153: 327, 1939. 

25. Scuaus, F., Hotzmann, M. and Wyss, S. Zur 

Behandlung von Adams-Stokesschen Anfiallen 
und Ueberleitungsstérungen des  Herzens. 
Schweiz. med. Wchnschr., 87: 938, 1957. 

26. Connor, A. C., McFappen, J. I., Houston, B. J. 
and Finn, J. L. Familial congenital heart 
block. Am. J. Obst. @ Gynec., 78: 75, 1959. 

27. Jateski, T. C. and Morrison, E. T. Congenital 
heart block. A study of two cases in healthy 
adults. Am. J. M. Sc., 206: 449, 1943. 

28. FrrepBerG, C. K. Diseases of the Heart, pp. 730, 
837. London, 1956. W. B. Saunders Co. 

29. Kern, J. D., Rowe, R. D. and Viap, P. Heart 
Disease in Infancy and Childhood, p. 830. New 
York, 1958. MacMillan Ce. 

30. CampBELL, M. Congenital complete heart block. 
Brit. Heart J., 5: 15, 1943. 

31a. CampBeLL, M. and THorne, M. G. Congenital 
heart block. Brit. Heart J., 18: 90, 1956. 

316. CAMPBELL, M. and TurRNER-WaARwick, M. Two 
more families with cardiomegaly. Brit. Heart J., 
18: 393, 1956. 

31c. JeRvELL, A. and Lance-Nievsen, F. Congenital 
deaf-mutism, functional heart disease with pro- 
longation of the Q-T interval, and sudden death. 
Am. Heart J., 54: 59, 1957. 

32. SatveseN, H. A. Complete heart block in the 
course of an acute rheumatic infection. Acta 
med. Scandinav., 78: 189, 1932. 

33. Gipson, T. C. and Hucues, J. P. Stokes-Adams 
attacks in acute rheumatic carditis. Brit. Heart 
J., 18: 427, 1956. 

34. Greene, J. A. and Bennett, A. W. Acute rheu- 


3 
| 
x 
if 
if 
? 
= 


90 


35. 


36. 


39. 


40. 


41. 
42. 


43. 


44, 


45. 
46. 


47. 


49. 


50. 


51. 


52. 
53. 


54. 


Johansson 


matic heart disease in the aged, with report of 
a case with Stokes-Adams syndrome treated with 
paredrine. Am. Heart J., 30: 415, 1945. 

FAULKNER, J. M. Adams-Stokes’ syndrome in 
rheumatic fever; report of a case. New England 
J. Med., 202: 1252, 1930. 

ScuusTer, X. Cited in reference 35. 

Wiis, F. A. Ventricular fibrillation in man 
with temporary cardiac recovery. J. Lab. @ 
Clin. Invest., 8: 518, 1923. 

PEDRAZZINI, A. and RINIKER, P. Isolierte meta- 
statische Entziindung des Tawara-Knotens. 
Schweiz. med. Wehnschr., 86: 152, 1956. 

Jaun, H.-J. Die Fokaltoxikose in der Pathogenese 
des Adams-Stokesschen Syndroms. Zéschr. f. 
Kretslaufforsch., 43: 354, 1954. 

Witson, F. N. and Rosinson, G. C. Heart-block. 
1. Transient complete heart-block with numer- 
ous Stokes-Adams attacks. Arch. Int. Med., 21: 
181, 1918. 

Luce, H. Zur Klinik und pathologischen Anato- 
mie des Adams-Stokes’schen Symptomencom- 
plexes. Deutsches Arch. klin. Med., 74: 370, 1900. 

Reuuinc, J. R. and Razinsxy, L. Metastatic 
bronchiogenic carcinoma of the heart. Am. 
Heart J., 21: 470, 1941. 

Lonccope, W. F. and Fretman, D. G. A study of 
sarcoidosis. Based on combined investigation 
of 160 cases including 30 autopsies from the 
Johns Hopkins Hospital and Massachusetts 
General Hospital. Medicine, 31: 1, 1952. 

GoTTFARB, G. and WAHLGREN, F. Adams-Stokes 
syndrom framkallat av morbus Besnier-Boeck- 
Schaumann (sarcoidosis). Nord. med., 52: 985, 
1954. 

A. and Tittcren, C. Hjartarytmi vid 
lymfogranulomatosis benigna (Schaumanns sjuk- 
dom). Opuscula Medica, 3: 197, 1958. 

Botti, R. E. and Younec, F. E. Myocardial sar- 
coid, complete heart block and aortic stenosis. 

Ann. Int. Med., 51: 811, 1959. 

ScHMo.i, E. Zwei Falle von Adams-Stokes’scher 
Krankheit mit Dissoziation von Vorhof- und 
Kammerrhythmus und Ladsion des His’schen 
Biindels. Deutsches Arch. Klin. Med., 87: 554, 
1906. 


. Wittsuire, H, A case of heart block illustrating 


the behaviour of the auricle during periods of 
prolonged ventricular silence. Heart, 10: 201, 
1923. 

GrRassBERGER, A, Klinische, elektrokardiographi- 
sche und histologische Untersuchung eines Falles 
von Adams-Stokesscher Erkrankung. Z¢schr. 
klin. Med., 112: 388, 1929. 

YaATER, W. M. and Wiuius, F. A. Heart block 
showing multiple transitions associated with con- 
vulsive syncope: report of a case with detailed 
histopathological study. Am. Heart J., 4: 280, 
1929. 

Jacic, N. Ein Beitrag zur Kasuistik des Adams- 
Stokesschen Symptomenkomplexes. Zéschr. klin. 
Med., 66: 183, 1908. 

Major, R. H. Cited in reference 148. 

Day, J. and Viar, W. N. A case of heart block 
treated with 1-cyclohexyl-2-methylaminopropane 
(benzedrex). Am. Heart J., 42: 733, 1951. 

Korner, L. A case of calcified ventricular 


$5, 


56. 


57. 


58. 


59. 


60. 


61. 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


71. 


72. 


aneurysm with progressive heart block. Cardi- 
ologia, 32: 101, 1958. 
Rawkins, M. D. and Konstarn, G. L. S. Com- 


plete heart-block associated with amoebic 
hepatitis. Lancet, 2: 152, 1949. 
Lecros, J. and NassHeverR, R. Syndrome 


d’Adams-Stokes aprés une coqueluche chez une 
enfant de 12 ans. Etude électrocardiographique. 
Acta paediat. belg., 3: 238, 1949. 

SHou-Cu1, T’Ao. Paroxysmal ventricular fibrilla- 
tion producing Adams-Stokes syndrome. Re- 
pert of a case on quinidine therapy with spon- 
“taneous recovery. Chinese M. J., 72: 342, 
1954. 

Binper, M. J. and Rosove, L. Paroxysmal ven- 
tricular tachycardia and fibrillation due to 
quinidine. Am. J. Med., 12: 491, 1952. 

Kerr, W. J. and Benper, W. L. Paroxysmal 
ventricular fibrillation with cardiac recovery in 
a case of auricular fibrillation and complete 
heart-block while under quinidine sulphate 
therapy. Heart, 9: 269, 1921. 

BertTHoup, E., Mercier, H. and Soxms, H. 
Syndrome de Stokes-Adams par intoxication a 
la prostigmine. Rev. méd. Suisse Rom., 73: 392, 
1953. 

CEeRANKE, P. and Str. Tomek. Pilocarpinintoxika- 
tion bei Herzblock. Wien. med. Wchnschr., 103: 
131, 1953. 

Fona1, E. G. and BurucuA, J. E. Bloqueo sino- 
auricular con sindrome de Morgagni-Stokes- 
Adams provocado per la estreptomicina. Prensa 
méd. argent., 39: 1507, 1952. 

T’Ao SuHou-Cur. Cardiac manifestations of the 
toxic action of potassium antimony tartrate in 
schistosomiasis patients. Paroxysmal tachy- 
cardia and fibrillation. Chinese M. J., 75: 365, 
1957. 

Avramipis, A. V. and Hsu, I. 
ventricular fibrillation. Arch. Int. 
277, 1959. 

McGurre, J. and Ricuarps, C. E. Fatal digitalis 
poisoning occurring in a normal individual. 
Am. Heart J., 12: 109, 1936. 

Nacayro, M. Pathologisch-anatomische Beitrage 
zum Adams-Stokesschen Symptomenkomplex. 
Zischr. klin. Med., 67: 495, 1909. 

WENCKEBACH, K. F. and WINTERBERG, K. Die 
unregelmassige Herztatigkeit, p. 390. Leipzig, 
1927. Engelmann, W. 

Jouansson, B. W. Adams-Stokes’ attacks pre- 
cipitated by swallowing in a patient with bron- 

7: 874, 


Digitalis-induced 
Med., 104: 


chial carcinoma. Am. J. Cardiol., 

1961. 

Renon, L., E. and Tursaut, D. Syn- 
drome d’Adams-Stokes mortel sans _ lesion 


anatomique du coeur ni du systéme nervaux. 
Bull. et mém. Soc. med. hésp. Paris, 35: 56, 1913. 

Strorstein, O. Adams-Stokes attacks caused by 
ventricular fibrillation in a man with otherwise 
normal heart. Acta med. Scandinav., 133: 437, 
1949. 

Grraup, P., ERLANDE, G. and BERNARD, R. 
Trouble du rythme cardiaque avec accidents 
convulsifs au cours d’un rheumatisme cardiaque. 
Marseille-méd., 75: 591, 1938. 

v. Kiss, P. Elektrokardiogramm des wahrend 


THE AMERICAN JOURNAL OF CARDIOLOGY 


: 
‘ 
ba 
= 

| 

ay 

= 

= = 
= 
= 

= = 

= 

es 
= 
= 


73. 


74. 


75. 


76. 


77. 


78. 


79. 


80. 


81. 


82. 


83. 


84. 


85. 


86. 


87. 


88. 


89. 


90. 


91. 


92. 


93. 


94. 


yuLy 1961 


Adams-Stokes Syndrome 


Diphterie auftretenden Adams-Stokesschen An- 
falles. Ztschr. ges. exper. Med., 93: 619, 1934. 
Mo tke, E. Adams-Stokes syndrome following 
acute hemorrhage in an eight year old girl. 

Acta paediat., 44: 73, 1955. 

SELANDER, P. Personal communication. 

BELLET, S., DE Leon, A. C. and Mutter, O. F. 
Sensitivity of the ventricular pacemaker in com- 
plete A-V heart block to acidosis and hyper- 
kalemia. Clinical and experimental study. 
Circulation, 20: 668, 1959. 

Fiaum, E. and Kuma, R. Ein neurogen aus- 
geléster Fall von Adams-Stokes. Klin. Wehnschr., 
11: 1192, 1932. 

Mepve1, C. V. and H. Ueber schwere, 
von der Mund- und Pharynxschleimhaut aus- 
lésbare Rhythmusstérungen des Herzens. Wien. 
klin. Wehnschr., 51: 234, 1938. 

JoHANsson, B. W. A _ case of Adams-Stokes 
attacks disappearing after cholecystectomy. 
Acta med. Scandinav., 168: 219, 1960. 

HorMann, H. Rhythmologische Untersuchungen 
zur Pathogenese Adams-Stokesscher Anfialle bei 
av-Block.  Ztschr. f. Kretslaufforsch., 44: 757, 
1955. 

BockeL, P. Morgagni-Adams-Stokes-Symptomen- 
komplex bei Herzblock mit abnorm langsamer 
Frequenz. Arztl. Wehnschr., 9: 785, 1954. 

Winter, K.-A. Ein Beitrag zur Therapie des 
Kammerflimmerns. Deutsche Gesundheitswesen, 7: 
980, 1952. 

Wepp, A. M., Sprincs, C. and Witson, D. C. 
Standstill of the heart of vagal origin. Am. Heart 
J., 5: 493, 1930. 

v. Hoesstin, H. Kammerwiihlen und Adams- 
Stokesscher Symptomenkomplex. Klin. 
Wehnschr., 4: 62, 1925 

Broser, F. and Stier, R. Zur Kasuistik der 
neurogenen Form Adams-Stokesscher Anfialle 
(ein Morgagni-Adams-Stokesscher Anfal] in 
EEG und EKG). Nervenarzt, 26: 117, 1955. 

Scunur, S. Newer concepts of Stokes-Adams 
syndrome. Am. Heart J., 35: 298, 1948. 

FisHBeERG, A. M. Heart Failure, p. 269. Phila- 
delphia, 1937. Lea & Febiger. 

KrisKemPper, C. Ein kasuistischer Beitrag zur 
neurogenen Form des Adams-Stokes’schen Symp- 
tomen-Komplexes. Zbl. f. Herz- und Gefass- 
krankheit, 17: 117, 1925. 

Gastaut, H. and M. Elec- 
troencephalographic study of syncope. Its dif- 
ferentiation from epilepsy. Lancet, 2: 1018, 
1957. 

J. W., Artusio, J. F. and Gwenn, F. 
The electroencephalogram in cardiac arrest. 
J.A.M.A., 157: 508, 1955. 

HotzmMann, M. Klinische Elektrokardiographie, 
p. 553. Ziirich, 1945, Fretz and Wasmuth 
Verlag AG. 

Sonne, C. Tilfaelde of sinusblok. 
93: 508, 1931. 
Cowan, J. Some disturbances of the rhythm of 


Ugesk. Laeg. 


the heart. Brit. Heart J., 1: 3, 1939. 
Scui_p, W. and Werse, H. Beitrag zur Therapie 
des sinu-auricularen Blocks. Klin. Wehnschr., 


30: 419, 1952. 


TercuMann, G.  Morgagni-Adams-Stokesscher 


95. 


96. 


97. 


98. 


99. 


100. 


101. 


102. 


103. 


104. 


105. 


106. 


107. 


108. 


109. 


110. 


111. 


112. 


113. 


114. 


91 


Symptomenkomplex und Herzstillstand Das 
deutsch. Gesundheitswesen, 10: 103, 1955. 

Tuna, N. and Scott, J. W. Stokes-Adams attacks 
with simultaneous auricular and ventricular 
standstill. Circulation, 9: 853, 1954. 

GéraupDEL, E. Syndrome paroxystique d’Adams- 
Stokes par bradyarythmie sinusale. Arch. mal. 
coeur, 24: 288, 1931. 

CurIsTENSEN, A. M. and Daucaarp, F. Et 
tilfaelde av Adams-Stokes’ syndrom. Nord. 
med., 2: 1733, 1939. 

Carter, E. P. and Drevaiwe, F. R. Recurrent 
complete heart block with normal conduction 
between attacks. Bull. Johns Hopkins Hosp., 34: 
401, 1923. 

Doane, J. C. and Krasnorr, S. O. Extreme 
bradycardia. Am. Heart J., 36: 777, 1948. 

Barnes, A.R. Cerebral manifestations of paroxys- 
mal tachycardia. Am. J. M. Sc., 171: 489, 
1926. 

Dock, W. Transitory ventricular fibrillation as a 
cause cf syncope and its prevention by quinidine 
sulphate. Am. Heart J., 4: 709, 1929. 

GALLAVARDIN, L. and Vem, P. Extra-systolie 
ventriculaire avec salves tachycardiques et 
accidents vertigineux. Arch. mal. coeur, 22: 25, 
1929. 

Levine, S. and Harvey, W. P. Clinical Ausculta- 
tion of the Heart, p. 115. London, 1950. 
W. B. Saunders Co. 

Groepbet, F. M. and Kiscu, B. Morgagni-Adams- 
Stokes: what does it represent? Cardiologia, 6: 
43, 1942. 

pE Borer, S. Das Stokes-Adamssche Syndrom. 
Cardiologia, 1: 253, 1937. 

Gontn, A., GALLAVARDIN, L., Froment, R. and 
CuHEYNEL. Apropos de 3 cas de syncope de 
par fibrillation ven- 
triculaire. Arch. mal. coeur, 44: 398, 1951. 

Rosinson, G. C. and Brepeck, J. F. Ventricular 
fibrillation in man with cardiac recovery. 
Arch. Int. Med., 20: 725, 1917. 

Davies, D. and Spracur, H. B. Ventricular 
fibrillation: its relation to heart-block. Am. 
Heart J., 4: 559, 1929. 

Moe, T. Morgagni-Adams-Stokes attacks caused 
by recurrent ventricular fibrillation in a patient 
without apparent organic heart disease. Am. 
Heart J., 37: 811, 1949. 

Scott, R. W. and Sancetta, 8. M. Stokes-Adams 
attacks induced by rectal stimulation in a patient 
with complete heart block. Circulation, 2: 886, 
1950. 

Lian, C. and Departs, M. Deux syncopes avec 
fibrillation ventriculaire transitoire dans un 
pouls lent permanent par dissociation auriculo- 
ventriculaire compléte. Bull. soc. méd. hép., 
Paris, 50: 569, 1934. 

Byertév, H. A case of ventricular fibrillation 
recovered. Acta med. Scandinav. (suppl.), 50: 
121, 1932. 

Scuwartz, S. P. and Jezer, A. The action of 
adrenalin on patients with complete heart-block 
and Stokes-Adams seizures. Am. Heart J., 7: 
652, 1932. 

Scuwartz, S. P. Transient ventricular fibrilla- 
tion. A study of the electrocardiograms ob- 


= 

a 
b 
|| 
= 
| 
= 
| 
an 
Hl 
= 
= 
fe 
| | x 
= 
| 
: 
= 
= 
= 
= 
= 
4 
; 
= 
his 
Ve 
a 


Johansson 


tained from a patient with auriculoventricular 
dissociation and recurrent syncopal attacks. 
Arch. Int. Med., 49: 282, 1932. 

. Scuwartz, S. P. and Hauswirtn, L. Studies on 
transient ventricular fibrillation. mu. Observa- 
tions on the alterations in the rhythm of the 
heart preceding syncopal seizures in a woman 
with transient auriculoventricular dissociation. 
Am. J. M. Sc., 187: 478, 1934. 

. ScHwWaARTz, S. P., OrnLorr, J. and Fox, C. Tran- 
sient ventricular fibrillation. 1. The prefibrillary 
period during established auriculoventricular 
dissociation with a note on the phonocardiograms 
obtained at such times. Am. Heart J., 37: 21, 
1949. 

. Rossin, S. R., Goiprein, S., Schwartz, M. J. 
and Dacx, S. Adams-Stokes syndrome. The 
treatment of ventricular asystole, ventricular 
tachycardia and ventricular fibrillation associ- 
ated with complete heart block. Am. J. Med., 
18: 577, 1955. 

. Levine, S. A. and Matron, M. Observations on 
a case of Adams-Stokes syndrome, showing 
ventricular fibrillation and asystole lasting five 
minutes with recovery following the intracardiac 
injection of adrenalin. Heart, 12: 271, 1926. 

. Parsonnet, A. E., BeERNsTEIN, A. and Kiosk, E. 
Ventricular fibrillation. With special reference 
to the Morgagni-Adams-Stokes syndrome; _re- 
port of an unusual case. Am. Heart J., 31: 769, 
1946. 

. Pastor, B. H. and Worritow, S. H. Electro- 
cardiographic patterns in Stokes-Adams syn- 
drome. Ann. Int. Med., 34: 80, 1951. 

. v. Hoesstin, H. Der Herztod. Nach elektro- 
kardiographischen Aufnahmen. Ergebn. inn. 
Med. u. Kinderh., 39: 276, 1931. 

. Livxo, E. Morgagni-Adams-Stokes in oireyhty- 
masta. Duodecim, 70:11, 1954. 

. v. Hoessuin, H. and Kiapp, R. Vagusresektion 
bei Adams-Stokesschem Symptomenkomplex. 
Klin. Wehnschr., 3: 1211, 1924. 

. Wess, S. and Ferris, E. B., Jn. Adams-Stokes 
syndrome with transient complete heart block 
of vagovagal reflex origin. Arch. Int. Med., 54: 
931, 1934. 

. Grucn, Elektrokardiographische Beobach- 
tungen bei dem Morgagni-Adams-Stokes’schen 
Symptomen-Komplex. Zéschr. Kreislaufforsch., 
24: 561, 1932. 

. Dresster, W. Permanenter Knotenrhythmus mit 
Anfallen von Bewusstlosigkeit verursacht durch 
Kammerflattern. Klin. Wehnschr., 8: 165, 1929. 
. ZwILuinceR, L. Ueber die Magnesiumwirkung 
auf das Herz. Klin. Wehnschr., 14: 1429, 1935. 
. Gresuam, G. A. A case of ventricular fibrillation. 
Brit. Heart J., 14: 527, 1952. 

. Duper, D. Ventricular arrhythmia and Stokes- 
Adams syndrome. Report of acase. Circulation, 
7: 585, 1953. 

. Scumipt, W. Elektrokardiographische Beobach- 
tungen bei Morgagni-Adars-Stokesschen Anfal- 
len. Arztl. Forsch., 9:519, 1955. 

. Strokes, W. Paroxysmal heart block in bundle 
branch block. Brit. Heart J., 9: 267, 1947. 

. Bourne, G. Stokes-Adams attacks in bundle- 
branch block. Brit. Med. J., 2: 1311, 1955. 


133. 


134, 


Cookson, H. Paroxysmal ventricular standstill. 
Brit. Heart J., 14: 350, 1952. 

SéperstrR6M, N. The diagnosis of partial atrio- 
ventricular block and Adams-Stokes syndrome 
in patients with auricular fibrillation. Cardi- 
ologia, 33: 397, 1958. 


. THomsen, V. Et tilfaelde af sinusarythmi med 


optraeden af Stokes-Adams syndrom. Ugesk. 
Laeger, 96: 426, 1934. 


. Scuitp, W. and WelsE, H. Beitrag zur Therapie 


des* Sinu-auriculéren Blocks. Klin. Wehnschr., 


30: 419, 1952. 


. Votwarpb, F. Ueber die Beziehungen des Adams- 


Stokes’schen Symptomenkomplexes zum Herz- 
block. Deutsches Arch. klin. Med., 97: 348, 1909. 


. Wuite, P. D. Un cas de dissociation auriculo- 


ventriculaire compléte avec reductions transi- 
toires 4 moitié de la fréquence ventriculaire. 
Arch. mal. coeur, 11: 532, 1918. 


. Hicx, F. K. Stokes-Adams seizures. Case report 


of “paroxysmal ventricular standstill’? and its 
production by carotid sinus pressure. Circula- 
tion, 9: 857, 1954. 


. JOHANSSON, B. and VENDsALU, A. The influence 


of adrenaline, noradrenaline, and acetylcholine 
on the electrocardiogram of the isolated per- 
fused guinea-pig heart. Acta physiol. Scandinav., 
39: 356, 1957. 


. ERLANGER, J. On the physiology of heart-block 


in mammals, with especial reference to the causa- 
tion of Stokes-Adams disease. J. Exper. Med., 
7: 676, 1905. 


. BAumier,C. Vollstandiger Herzstillstand, anfalls- 


weise in Cheyne-Stokesschen Atmen bei einem 
jugendlichen WHerzkranken auftretend. Zb/. 
Herzkrankh., 4: 1, 1912. 


. GrirritH, T. W. A clinical study of three cases 


of heart-block. Brit. Med. J., 1: 763, 1921. 


. Becx, C. S. Coronary heart disease after twenty- 


five years. J. Thoracic Surg., 36: 329, 1958. 


. P. M., LINENTHAL, A. J., GrsBson, W., 


. CHANDLER, D. and Crapper, M. I. 


PauL, M. M. and Norman, L. R. Intravenous 
drug therapy of Stokes-Adams disease. Effects 
of sympathomimetic amines on_ ventricular 
rhythmicity and atrioventricular conduction. 
Circulation, 17: 325, 1958. 

Complete 
atrioventricular block treated with isoproterenol 
hydrochloride. Am. J. Cardiol., 3: 336, 1959. 


. Kyevun, K.; R. and L. Glosso- 


. Bettet, S. 


pharyngeal neuralgia associated with cardiac 
arrest and hypersecretion from the ipsilateral 
parotid gland. Neurology, 9: 527, 1959. 

The treatment of Stokes-Adams 
Mod. Concepts Cardiovas. Dis., 26: 393, 


seizures. 
1957. 


. Dracstep, P. J. and P. F. Behandling 


. Strauss, S. and Meyer, J. 


. Levine, S. A. Clinical Heart Disease, p. 


av Adams-Stokes’ anfald med natriumlactat. 
Ugesk. Laeger, 120: 1458, 1958. 

Coun, A. E. and Levine, S. A. The beneficial 
effects of barium chloride on Adams-Stokes 
disease. Arch. Int. Med., 36:1, 1925. 

The treatment of 

transient ventricular standstill with barium 

chloride. Am. Heart J., 3: 328, 1928. 

207, 

3rd edition. London, 1946. W.B. Saunders Co. 


THE AMERICAN JOURNAL OF CARDIOLOGY 


1 
N 
11 
| 
4 | 
11 
12 
+ 
12 
14 
12 
1 
12 
1 46 
129 
130 
1 
\ 
32 0. 
4 
= 


Adams-Stokes Syndrome 


McMitian, T. M. and C. C. An 
untoward effect of barium chloride in producing 
short runs of aberrant ventricular beats. J. Lab. 
& Clin. Med., 14: 839, 1929. 

. ScuerF, D. Der Morgagni-Adams-Stokes-Symp- 
tomenkomplex und seine Behandlung. Wien. 
klin. Wehnschr., 49: 83, 1936. 

. HdOrmann, J. Zur Therapie des Adams-Stokes- 
schen Syndroms. Deutsch. Med. Wehnschr., 77: 
1026, 1952. 

. Parape, G. W. and Vort, K. Zur Adrenalin- und 
Ephetoninbehandlung der Adams-Stokesschen 
Krankheit. Deutsch med. Wehnschr., 55: 179. 
1929. 

. BOres, W. Ein Beitrag zur Behandlung des 
totalen atrioventrikularen MHerzblocks. Med. 
Monatschr., 4: 120, 1950. 

. S. and Friaxman, N. The use of 
methamphetamine hydrochloride in  Stokes- 
Adams disease. Am. Pract. @ Digest. Treat., 6: 
1174, 1955. 

. Sicter, L. H. Treatment of the Stokes-Adams 
syndrome by hypertonic glucose solution given 
intravenously. Ann. Int. Med., 13: 101, 1939. 
. CaLLacuan, J. C. and BigELow, W. G. An elec- 
trical artificial pacemaker for standstill of the 
heart. Ann. Surg., 134: 8, 1951. 

. Zott, P. Resuscitation of the heart in ven- 
tricular standstill by external stimulation. New 
England J. Med., 247: 768, 1952. 

. Zott, P. M., LinentHat, A. J. and Norman, 
L. R. Treatment of Stokes-Adams disease by 
external electric stimulation of the heart. Cir- 
culation, 9: 482, 1954. 

. Dittmar, A., Friese, G. and Nusser, E. Ueber 
die Behandlung des Kammerstillstandes beim 
Morgagni-Adams-Stokesschen Symptomenkom- 
plex mit einem elektrischen Schrittmacher. 
Ztschr. Kreislaufforsch., 45: 416, 1956. 

. Kaye, M., ScuickLer, O., RosenFELD, I. and 
Lapin, A. Successful treatment of ventricular 
arrest during complete heart block by external 
electrical stimulation. Am. Heart J., 51: 460, 
1956. 

. RosenreLb, I. and Secatt, H. N. An external 
cardiac pacemaker in the treatment of Stokes- 
Adams syndrome: report of three cases. Am. 
Heart J., 50: 749, 1955. 

. Furman, S. and Scuwepbet, J. B. An intracardiac 
pacemaker for Stokes-Adams seizures. New 
England J. Med., 261: 943, 1959. 

. Jackson, A., Youmans, R., McCaucuey, H., 


jury 1961 


93 


Pickarp, C. M. and Faw, M. The cardiac 
pacemaker. Its use for more than seven months 
in one patient. J. Kansas Med. Soc., 58: 735, 
1957. 


. Etmquist, R. Personal communication. 
. LANDEGREN, J. Personal communication. 
. Cuapman, R. A. Use of quinidine sulfate and of 


procaine amide in a patient with paroxysmal ven- 
tricular tachycardia. Arch. Int. Med., 90:90, 
1952. 


. Scuwartz, S. P., HALLInGER, L. and ImMpERIALLI, 


178. 


179. 


180 


181 


A. Transient ventricular fibrillation. rv. The 
effects of procaine amide on patients with transient 
ventricular fibrillation during established auri- 
culo-ventricular dissociation. Circulation, 6: 
193, 1959. 

. Zott, P. M., LinentHat, A. J. and Zarsky, 
L. R. N. Ventricular fibrillation. Treatment 
and prevention by external electric currents. 
New England J. Med., 262: 105, 1960. 

. Zott, P. M., LinentHAL, A. J., Remer, R. B., 
Grsson, W. and Norman, L. R. Treatment 
and prevention of ventricular fibrillation in 
Stokes-Adams disease. Circulation, 18: 803, 1958. 

. Conkiin, W. H., Beese, R. T. and Fraw.ey, T. F. 
Ventricular fibrillation due to myocardial infarc- 
tion with survival. Arch. Int. Med., 104: 281, 
1959. 

. PrinzMeTAL, M. and KeNNAMER, R. Emergency 
treatment of cardiac arrhythmias. J.A.M.A., 
154: 1049, 1954. 

. Frrepperc, C. K., Kann, M., Scuever, J., 
Bieirer, S. and Dack, S. Adams-Stokes syn- 
drome associated with chronic heart block. 
Treatment with corticosteroids. J.A.M.A., 172: 
1146, 1960. 

. McLemore, G. A., Jr. and Levine, S. A. The 
possible therapeutic value of cholecystectomy in 
Adams-Stokes disease. Am. J. M. Sc., 229: 386, 
1955. 

Ray, B. S. and Stewart, H. J. Glossopharyngeal 
neuralgia: a cause of cardiac arrest. Am. Heart 
J., 35: 458, 1948. 

Ricusure, P. L. and Kern, C. E. Glossopharyn- 
geal neuralgia with syncope and convulsions. 
J.A.M.A., 152: 703, 1953. 

. Lastett, E. E. Syncopal attacks, associated with 
prolonged arrest of the whole heart. Quart. J. 
Med., 2: 347, 1908-09. 

. ANDERSEN, M. S. A case of sino-auricular heart 
block with Stokes-Adams attacks. Acta med. 
Scandinav., 78: 216,. 1932. 


4 
168 
169 
155 170 
ae 
156 
158 172 
159 
; 
160 
174 
161 
175 
162 
| 
176 
163 
177 
ves 
4 
165 
166 
“oi 
167 
| 
| 


Case Reports 


Primary Pulmonary Hypertension 


Effect of Unilateral Pulmonary Artery Occlusion 
and Infusion of Acetylcholine* 


BERNARD L. CHARMS, M.D. 


Cleveland, Ohio 


NCREASED PULMONARY vascular tone has been 
I suggested as an important factor in the 
etiology and pathogenesis of primary pul- 
monary hypertension and the ensuing right 
ventricular hypertrophy and failure.'~* Patho- 
logic changes observed are all compatible with 
pulmonary hypertension due to any cause.® 
All attempts at treatment with hypotensive 
drugs or by surgical means have failed to 
alter the inexorable course of the disease.?:*:*:® 
A method for lowering the high pulmonary 
vascular resistance present, similar to that used 
in systemic hypertension, would be obviously 
desirable if the pulmonary blood vessels were 
still reactive. 

Utilizing the method of temporary unilateral 
pulmonary arterial occlusion in patients with 
pulmonary hypertension due to mitral stenosis 
or cardiac failure,’ or chronic pulmonary 
disease,* a marked decrease in arteriolar 
resistance was observed in the unoccluded 
lung. In these studies sudden release of tone 
was produced despite very high initial re- 
sistances. 

Recently, acetylcholine has been shown to 
lower pulmonary artery pressure when injected 
directly into the pulmonary artery at a dosage 
level which would not affect systemic pressure.°® 
When infused at a suitable constant rate into 
the pulmonary artery, a decrease in pressure 
and vascular resistance occurs in normal 
subjects and this reduction is accentuated when 
the pulmonary artery pressures are raised by 
hypoxia.’ In patients with pulmonary 


hypertension secondary to mitral valvular 
disease the effect is even more striking.”—™ 
Wood et al.’ also noted a marked reduction of 
pressure in patients with primary pulmonary 
hypertension. 

It is the purpose of this communication to 
report the results of temporary unilateral 
pulmonary artery occlusion and infusion of 
acetylcholine in a patient with primary pul- 
monary hypertension proved by cardiac cath- 
eterization and pulmonary biopsy. 


Case History 


This twenty-nine year old Negro woman was ad- 
mitted to the hospital with a two week history of 
progressive swelling of the abdomen and edema of 
the face and extremities, weakness and faintness on 
effort. Slight systemic hypertension had been noted 
during pregnancy two years prior to admission. 

On physical examination, the arterial blood pres- 
sure was 160/110 mm. Hg, the pulse was 96 per 
minute and regular, respirations 16 per minute and 
temperature 98.8°r. The significant findings in- 
cluded edema of the face, liver edge palpable 3 
fingerbreadths below the right costal margin, signs of 
abdominal fluid and 3 plus pitting edema of the ex- 
tremities. A soft diastolic murmur was heard to 
the left of the sternum in the third and fourth inter- 
costal spaces and, at times, a systolic murmur was also 
audible. The pulmonic second sound was tambouric 
and split. The lungs were clear. 

Roentgenogram of the chest and an electrocardio- 
gram showed right ventricular hypertrophy (Figs. 1 
and 2). Results of ventilatory function studies were 
within normal limits. 

She was treated with digitalis and mercurial diuret- 


* From the Hexter Cardio-Pulmonary Laboratory, Mount Sinai Hospital of Cleveland, Cleveland, Ohio. Aided by 


grants in aid from the Cleveland Area Heart Society. 
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Fic. 1. 


Chest roentgenogram. 


ics and showed an excellent response with a fourteen 
pound weight loss. Lung biopsy revealed some evi- 
dence of pulmonary vascular disease (Fig. 3) but most 
sections were normal. 


METHODS 


Cardiac catheterization was carried out in a rest- 
ing postabsorptive state. Pulmonary function studies 
had been performed on the previous day to acquaint 
the patient with laboratory surroundings and per- 
sonnel. No premedication was given. A special 
triple lumen catheter was used with an inflatable cuff 
on the middle lumen as previously described.“ The 
catheter was positioned fluoroscopically in the right 
main pulmonary artery so that the proximal lumen 
lay just beyond the pulmonic valve and the cuff just 
at the root of the right main pulmonary artery. An 
indwelling arterial needle was placed in the brachial 
artery for measurements of pressure and sampling of 
arterial blood. A _ polyethylene tube with lead 
sinker was placed flucroscopically in the esophagus at 
the level of the seventh thoracic vertebra for measure- 
ment of esophageal (i.e., intrapleural) pressures.’ 

After resting twenty minutes control values were 
obtained. Pulmonary wedge pressure could not be 
obtained. Pulmonary arterial pressure was obtained 
by a Sanborn electromanometer and brachial and 
esophageal pressures measured via Statham strain 
gauges. Respiratory minute volumes were deter- 
mined by collection of expired air in Douglas bags for 
ten minute periods and oxygen consumption and 
respiratory quotients determined by analysis on a 
Scholander 0.5 cc. gas analyzer. Blood samples were 
analyzed by. the spectrophotometric method of 
Huckabee’? and by Van Slyke manometric tech- 
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Fic. 2. Routine electrocardiogram. 


nics. Cardiac output was determined by Fick 
principle and pulmonary vascular resistance calcu- 
lated from standard formulas. The wedge pressure 
was not obtained; therefore, the pressure distal to 
occlusion was used as pulmonary wedge pressure. 
This distal pressure has been identical with wedge 
pressures.!9 

After control values were obtained, the cuff in 
the right main pulmonary artery was inflated under 
fluorcscopic control with 35 per cent Diodrast.® 
However, the catheter was pulled distally and 
probably occluded only the right middle and lower 
lobes. No symptoms ensued and after fifteen minutes, 
repeat studies were obtained. The cuff was then 
deflated and, after the pressures were stabilized, an 
infusion of acetylcholine, 0.5 mg. per minute, into 
the main pulmonary artery was begun. After 
fifteen minutes of infusion repeat studies were again 
obtained. 


RESULTS 


The findings of cardiac catheterization are 
listed in Table 1. Severe pulmonary hyper- 
tension and slight systemic hypertension were 
noted. The control cardiac output, arterio- 
venous oxygen difference and peripheral oxygen 
saturation were within normal limits. The 
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Fic. 3. Biopsy specimen of lung showing some degree of pulmonary arteriolar disease. 


TABLE I 
Catheterization Findings 


Arterial 
Pressures (mm. Hg) Oxygen 
Effects Pulmonary Artery Brachial artery Esophageal 
Capacity 
. Inspira- | Expira- | (vol. %) 
S D | M | Distal | S D M 
Control 100 | 65 | 74 — 150 | 105 | 122 —5 0 15.6 
Occlude right, middle and lower lobes | 106 | 70 | 77 5 130 | 105 | 117 =—5 —1 15.6 
Acetylcholine infusion (0.5 mg./min.) 42 | 20 | 35 er 150 | 110 | 130 —3 0 15.6 


Nore: Right ventricular pressure, 100/5 (mean pressure, 48). S = systolic; D = diastolic; M = mean. 
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markedly elevated pulmonary arteriolar re- 
sistance is evident. 

Following occlusion of the arteries to the 
right middle and lower lobes, a slight incre- 
ment in main pulmonary arterial pressure 
occurred while the peripheral arterial pressure 
fell (Fig. 4A). No change was noted in 
esophageal pressure. The pressure beyond the 
occluding cuff fell to wedge levels as previously 
described. Peripheral oxygen saturation re- 
mained within normal limits. However, the 
arteriovenous difference increased and cardiac 
output fell slightly. Although the total cal- 
culated pulmonary arteriolar resistance ap- 
parently increased, the actual resistance of the 
perfused lung had decreased by at least one- 
third since the total perfusion of the lungs was 
now proceeding via the left lung and upper 
lobe of the right lung only. 

With infusion of acetylcholine, a striking de- 
crease was noted in pulmonary artery pressure 
and at the same time a sharp transient rise in 
systemic pressure with gradual return to 
control levels (Fig. 4B). Esophageal pressure 
and heart rate were unchanged and only a 
transient decrease in respiratory rate took place. 
Systemic arterial oxygen saturation fell and 
cardiac output rose. Marked decrease in 
pulmonary arteriolar resistance was evident. 
After cessation of the infusion, the pulmonary 
artery pressure returned to control levels within 
fifteen minutes. 


CoMMENTS 

As we have demonstrated previously, many 
patients with pulmonary hypertension due to 
cardiac or pulmonary disease can withstand 
occlusion of one main pulmonary artery with- 
out change in cardiac output or pulmonary 
artery pressure.”:* This was also true in this 
instance although some fall in cardiac output 
and systemic pressure did occur, indicating 
incomplete release of tone and fall in resistance 
of the perfused lung. 

Infusion of acetylcholine evoked profound 
decrease in pulmonary arterial pressure and 
arteriolar resistance. The only change in 
systemic vascular pressure was a temporary 
increase due to the abrupt release of pulmonary 
arteriolar tone and the increased cardiac output. 
No change in heart rate or respiratory rate 
occurred, emphasizing the absence of systemic 
effect. The action of the drug seems to be 
directly on the pulmonary arterioles, as sug- 
gested by Wood et al.” and Soderholm and 
Werko. The fall in arterial oxygen saturation 
was noted in the present study and coincides 
with other reports.'* It seems likely that the 
augmented pulmonary blood flow and release 
of tone of vessels perfusing poorly ventilated 
alveoli resulted in venous admixture in the 
lung and systemic hypoxemia. 

This patient is of particular interest because 
of the evidence of high degree of tone of the 
pulmonary vessels with very little demonstrable 


TABLE 1 (Continued) 


Arterial 
Oxygen 
Pulmonary 
A-V Oz | Concen- Respiratory | Cardiac — Arteriolar 
Per Cent | Difference tration Output Resistance * 
Content | | (vol. %) | (cc./min.) | | Quotient (dynes 
(vol. %) (L./min.) M?) 
14.5 93 4.1 193 6.9 0.97 4.7 3.1 1153 
14.5 93 5.1 226 8.1 0.94 4.4 2.9 1311 
13.8 89 4.0 209 6.8 0.89 5.2 3.4 463 


PAy — LAy X 1332 X 60 sec. 
CO X 1000 cm.5 
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A, effect of occlusion of right middle and lowe~ lobe branches of pulmonary artery, on pulmonary artery, 


brachial artery and esophageal pressures. B, effect of infusion of acetylchcline, 0.5 mg. per minute, directly into main 
pulmonary artery on pulmonary artery, brachial artery and esophageal pressures. 


histologic change. It is suggested that the 
increase in tone is the primary difficulty in 
this disease and that the pathologic changes 
are secondary to long-standing pulmonary 
vasospasm. ‘The mechanism of the increased 
tone is as yet unexplained. 


SUMMARY 


A case of primary pulmonary hypertension is 
presented with evidence of increased vascular 
tone. Temporary unilateral occlusion of right 
middle and lower lobes caused a decrease in 
estimated arteriolar resistance of unoccluded 
lung. Infusion of acetylcholine caused a 
profound decrease in pulmonary artery pressure 


and pulmonary arteriolar resistance without 
any systemic effects, suggesting direct action of 
the drug on the pulmonary arterioles. 

It is suggested that, in this case, increased 
tone is the primary defect and the histologic 
vascular changes secondary. 
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Organic and Functional Pulmonary Atresia 
with Intact Ventricular Septum’ 


VELVA SCHRIRE, M.SC., PH.D., M.B., GERALD J. SuTIN, M.B. and CHRISTIAAN N. BARNARD, M.B., PH.D. 


Cape Town, South Africa 


ULMONARY ATRESIA with intact ventricular 
P septum (normal aortic root) has been 
recognized pathologically'~* since 1783. The 
clinical recognition, however, has not been 
possible until recent years.’?—'° According to 
Keith et al.’ the condition is uncommon, oc- 
curring in less than 1 per cent of cases of con- 
genital heart disease, and death in infancy is the 
rule. 

The fundamental anomaly lies in the fused 
pulmonary valves which completely separate 
the right ventricular cavity from the pulmonary 
artery. Asa rule the pulmonary valves appear 
as a diaphragm with three equidistant ridges 
radiating from the center to the wall of the 
pulmonary trunk. In the majority of cases" 
the right ventricular cavity is small with gross 
hypertrophy of the walls, the ventricular septum 
is, of course, intact and the tricuspid valves, 
although diminutive, are properly formed. A 
normally functioning tricuspid valve appears 
to be the key to this appearance; blood entering 
the right ventricle during diastole is trapped in 
the right ventricle during systole. Edwards" 
regards this mechanism as being responsible for 
the hypertrophy of the right ventricle, without 
producing dilatation. Brown” states that steno- 
sis of the tricuspid valve is present frequently 
and Paul and Lev! make the point that some 
degree of tricuspid incompetence must be 
present to permit bidirectional movement of 
blood across the tricuspid valve, preventing the 
stasis and thrombosis which are known to 
occur otherwise.” 

Greenwold et al.,? however, point out that 
there is a second group of cases in which the 
right ventricular cavity is large, hypertrophied 
and dilated. This probably depends on the 


presence of a considerable degree of incompe- 
tence of the tricuspid valve. The right ventri- 
cle can become dilated and hypertrophied if, 
during systole, blood can be expelled freely 
into the right atrium. Occasionally, in fact, 
cases have been described in which septal cusps 
of the tricuspid valve have been found adherent 
to the ventricular septum. An _ associated 
Ebstein’s malformation has rarely been re- 
ported.’ 

A communication between the right and left 
atrium, usually a patent foramen ovale and, 
rarely, an atrial septal defect, is always present. 
The right atrium is hypertrophied and dilated 
and may, in fact, be aneurysmal. The circula- 
tion must flow entirely through the mitral 
valve into the left ventricle, which functions 
as a single ventricle with a single outlet, the 
aorta. The lungs receive their entire blood 
supply from the ductus arteriosus. The pul- 
monary trunk and branches, although reduced 
in size, are normally formed and the size of the 
ductus determines the vascular supply to the 
lungs. The circulatory pathway is thus from 
the right side of the heart to the left via the 
atrium and from the aorta to the lungs via the 
ductus. 

It is the purpose of this report to describe 
three cases of organic pulmonary atresia with 
tricuspid incompetence and right ventricular 
enlargement. A fourth case is also described in 
which, although the pulmonary valves were 
normally formed with a normal pulmonary 
arterial orifice, functional pulmonary atresia 
was present. 


CasE REPORTS 


CasE1. M. J., a female colored infant two months 
of age, was admitted with a respiratory infection. 


* From the Cardiac Clinic, Groote Schuur Hospital and C.S.I.R. Cardiovascular-Pulmonary Research Group and 
the Departments of Medicine, Child Health and Surgery, University of Cape Town, Cape Town, South Africa. 
This study was supported by a grant from the City Council of Cape Town, and the Council for Scientific and Industrial 


Research. 
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One of eight children, she had been regarded as nor- 
mal by her mother until the day before admission 
when she became irritable, cried and turned blue. 
She began to cough, breathed rapidly and vomited. 
Jerking movements of the hands appeared and her 
eyes rolled upwards. 

On examination, the infant was cold and central and 
peripheral cyanosis was present. There were small 
purpuric spots on her right cheek. The pulses were 
all within normal limits and the liver was not dis- 
tended. The heart, however, was considerably en- 
larged. A pansystolic murmur (grade 3/6) was 
audible over the whole of the front of the chest, being 
maximal in the fourth left and right parasternal 
spaces. Radiation to the lower right side of the 
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Electrocardiograms of Cases 1 through 4 (A-D). 


See text. 


chest was a feature. There was a loud triple rhythm; 
splitting of the second heart sound was not detected. 
The hemoglobin was 18.5 gm. per cent. 

The electrocardiogram (Fig. 1A) showed right axis 
deviation (+120°) with a clockwise loop in the 
frontal plane. Marked right atrial enlargement 
was present with a P wave of 5 mm. in lead n. 
In lead V; there was a Q wave of 3 mm. and an R 
of 13 mm. The T wave was inverted. ‘The intrinsi- 
coid deflection was 0.03 second. A dominant R 
wave was still present in V¢. 

The roentgenogram showed a tremendously enlarged 
cardiac shadow almost filling the whole of the chest 
(Fig. 2A). This shadow was due mainly to aneurys- 
mal enlargement of the right atrium and enlargement 
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Fic. 2. A-—P roentgenograms of Cases 1 through 4 (A-D). 
thoracic ratios 82-85) due mainly to aneurysmal right atrial enlargement. 


case. 


of the right ventricle. Prominence of the pulmonary 
segment was noted. The lung fields that were visible 
appeared to be oligemic. 

The baby was placed in an oxygen tent, digitalized 
and treated with broad spectrum antibiotics. Her 
condition deteriorated and she died eight days after 
admission. 

At necropsy, the heart was grossly enlarged, mainly 
to the right, with compression of the right lung. 
The enlargement was chiefly due to aneurysmal dila- 
tation of the right atrium and hypertrophy and dila- 
tation of the right ventricle. There was no opening 
between the main pulmonary artery and the right 
ventricle, the obstruction being at the level of the 
valve which was absent (Fig. 3). The pulmonary 
arteries were narrower than normal. A large atrial 
septal defect was present. The ductus arteriosus 
was patent but very narrow with a circumference 
of only 0.8 cm. The chambers of the left side of the 


Note tremendous cardiomegaly in all four cases (cardio- 
Pulmonary oligemia is present in every 


heart were apparently within normal limits, apart 
from slight left ventricular hypertrophy. ‘The liver 
and spleen were congested and small bilateral pleural 
effusions were present. j 


Case 2. S. H., a colored female infant four days 
old, was admitted to the Red Cross War Memorial 
Childrens’ Hospital with a history of limpness, 
cyanosis and respiratory distress with periods of 
apnea of one day’s duration. 

On examination the child was very distressed, limp 
and generally cyanosed (grade 2/4). Edema of the 
feet was present. The pulse rate was 160 per min- 
ute, of normal volume, and the respiratory rate was 
70 per minute with recession of the lower inter- 
costal spaces. ‘The abdomen was distended and the 
liver enlarged to 3 cm. below the costal margin. 
There was considerable clinical cardiomegaly, right 
ventricular in type. A grade 3/6 pansystolic mur- 
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Fic. 3. Case 1. The heart has been opened to show 
the pulmonary artery (left) and aorta (right) lying side 
by side. The aortic valves are normal and there are no 
pulmonary valves. The channel between right ven- 
tricle and pulmonary artery is completely obstructed 
(arrow). The small main pulmonary artery with the 
pulmonary sinuses ends blindly. 


mur could be heard over the whole of the front of the 
chest, maximal in the fourth left and right parasternal 
spaces and radiating to the right lower chest. A 
loud triple rhythm was audible and the second sound 
appeared single. The hemoglobin was 19 gm. per 
cent. 

The electrocardiogram (Fig. 1B) showed right axis 
deviation (+ 160°) with a clockwise loop in the fron- 
tal plane. Right atrial enlargement was best shown 
in V, where the P wave was 6 mm. in height. A qR 
complex was present in V, with a Q wave of 4.5 mm. 
and an R wave of 8.5 mm. The T wave was in- 
verted. The intrinsicoid deflection was 0.05 second. 
An RS complex was present in Ve and V3. 

X-ray examination showed striking cardiomegaly 
(Fig. 2B) consisting mainly of an aneurysmal right 
atrium. The visible lung fields were extremely 
oligemic. 

The course was rapidly downhill with death in 
forty-eight hours. 

At necropsy, the abnormal findings were confined to 
the heart which was extremely large, weighed 44 gm. 
and almost filled the entire chest cavity. The right 
atrium was aneurysmal and the right ventricle was 
considerably enlarged. The pulmonary arteries 
were small and narrow and there was no communica- 
tion between the main pulmonary artery and the 
right ventricular cavity. The pulmonary valves 
were formed but were completely stenosed. A nar- 
row patent ductus was present and there was an 
ostium secundum defect between the atria. The 
semilunar valves appeared to be within normal limits 
but incompetence of the tricuspid valve due to ex- 
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treme dilatation of the right-sided heart chambers 
appeared to be present. Compression of both lungs 
by the greatly enlarged heart was noted. 


Case 3. B.N., a male Bantu infant one day old, 
was admitted extremely dyspneic, distressed and 
severely cyanosed. Edema of the eyes and feet 
was present and the liver was palpable below the cos- 
tal margin. The pulse rate was 150 per minute; 
the extremities were warm, and the respirations were 
rapid. The heart on palpation occupied most of 
the chest and a pansystolic murmur was audible 
centrally, although best heard in the fourth left and 
right parasternal spaces. The hemoglobin was 18.5 
gm. per cent. 

The electrocardiogram (Fig. 1C) showed right axis 
deviation (+100°) with clockwise rotation in the 
frontal plane. Right atrial enlargement was present, 
with a P wave of 4 mm. in lead n. There was a Q 
wave of 4 mm. and an R of 6 mm. in V, with an 
intrinsicoid deflection of 0.04 and slight T wave in- 
version. The R and S waves were equiphasic in V¢. 
and there was no Q wave. 

Chest x-ray examination (Fig. 2C) showed gross 
cardiac enlargement with the heart occupying most 
of the chest. Aneurysmal dilatation of the right 
atrium was responsible for most of the cardiomegaly. 
The lung fields which were not obscured by the car- 
diac shadow appeared to be oligemic. 

The child died within a few hours of admission. 

At necropsy, an enormous heart was found occupying 
the whole of the anterior portion of the chest cavity 
with compression of both lungs. Aneurysmal dilata- 
tion of the right atrium was present with tricuspid 
incompetence and a furled, thickened, posterior valve 
cusp. The pulmonary artery was completely ste- 
nosed at the valve cusps and there was no communica- 
tion between the pulmonary artery and the right 
ventricular cavity. The right ventricle was hyper- 
trophied, the ductus arteriosus was patent and an 
atrial septal defect was present. 


Case 4. L. K., a colored female infant of eight 
days, was admitted with a history of cyanosis and 
dyspnea since birth. 

On examination, the child was centrally cyanosed 
(grade 3) but normally formed. The pulses ap- 
peared normal and the liver was not enlarged. The 
heart was markedly increased in size, the apex was 
right ventricular in type. A striking triple rhythm 
was audible at all areas with a grade 3 pansystolic 
murmur maximal at the fourth space to the right and 
left of the sternum and radiating well to the lower 
right side of the chest. The second sound appeared 
to be single. 

The electrocardiogram (Fig. 1D) showed right axis 
deviation (+100°) with clockwise rotation in the 
frontal plane and “incomplete right bundle branch 
block.” Marked right atrial enlargement was pres- 
ent, with a P wave of 3.5 mm. in lead nu and 4 mm. 
in V;. In V, there was a Q wave of 3.5 mm., an 
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Fic. 4. Case 4. Simultaneous A-P and left lateral angiograms from the right atrium. In the top panel dye has 
entered the aneurysmal right atrium, the left atrium and the right ventricle. There is no dye in the pulmonary artery. 
The middle panel shows dye filling the right atrium, left atrium, right and left ventricles. The bottom panel now 
shows filling of the aorta and the pulmonary artery. Subsequent films showed good opacification of the aorta with 
late filling of the small pulmonary arteries. 
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R wave of 7 mm. and an S wave of 5 mm., and the 
T wave was inverted. The S wave in Vg was 
broad, but the amplitude of the R and S waves was 
equal. 

X-ray examination (Fig. 2D) showed considerable 
cardiomegaly with the heart occupying most of the 
chest cavity. The enlargement consisted largely of 
right atrium and the superior vena cava was promi- 
nent. The lung fields were oligemic. 

Angiocardiogram: A simultaneous A-P and lateral 
angiocardiogram was performed after catheterization 
of the right atrium via the femoral vein (Fig. 4). 
The early films showed dye entering an enormous 
right atrium with slight filling of the right ventricle. 
Opacification of the left atrium and left ventricle 
through an atrial septal defect then appeared with 
filling of the aorta and pulmonary arteries. The 
aorta was well filled but the pulmonary arteries were 
small. Filling of the pulmonary arteries from the 
right ventricle was not shown. 

Surgical Findings: A diagnosis of pulmonary atresia 
was made and surgical treatment was advised. At 
surgery, a very large patent ductus was found enter- 
ing the pulmonary artery from the aorta in the usual 
situation. The pulmonary valves were normal and 
the pressure in the pulmonary arteries appeared to 
be elevated. An enormous right atrium was present 
with tricuspid incompetence. The ductus was 
ligated and the atrial septal defect repaired but the 
patient did not survive long after surgery. An 
Ebstein’s anomaly was suspected. 

At necropsy, aneurysmal dilatation of the right 
atrium was found with tricuspid incompetence and 
anomalous insertion of the tricuspid valve (Ebstein’s 
anomaly) (Fig. 5). The tricuspid valve was in- 
serted low down in the right ventricle, practically 
occluding the ventricular system. The pulmonary 
valves were normally formed; the pulmonary arteries 
were small. The ductus arteriosus had been ligated 
and the atrial septal defect repaired. Some collapse 
of the lungs was present. 


COMMENTS 


Pulmonary atresia with intact ventricular 
septum is a rare condition. Life expectancy is 
very poor unless surgical correction can be 
achieved. The majority of infants with this 
condition die at a very early stage. In our 
series, two patients were dead within a week, 
the oldest surviving to two months. In rare 
cases the presence of a large patent ductus 
arteriosus can maintain life, in one patient’® to 
fifteen years, and in another to twenty. There 
is no particular sex incidence, although two of 
our three patients were female. 

Complete obstruction to blood flow from 
right ventricle to pulmonary artery is the funda- 
mental disturbance in this condition. Life is 
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Fic. 5. 
valve with its chordae (arrow) can be seen inserted into 


Case 4. The abnormal displaced tricuspid 


the right ventricle. Part of the right ventricle is in- 
corporated into the right atrium and the true right 
ventricular chamber is small. 


maintained by flow of blood from right atrium 
to left atrium and left ventricle. The entire 
volume of circulating blood is discharged by the 
left ventricle into the aorta, and survival de- 
pends upon the presence of a patent ductus 
arteriosus. 

Anatomic Findings: In the first three cases the 
obstruction to pulmonary blood flow was due 
to organic occlusion at: the orifice of the main 
pulmonary artery. Two of these (Case 2 and 3) 
showed the characteristic anatomic finding of an 
imperforate diaphragm across the pulmonary 
valve ring consisting of the fused pulmonary 
valves. The third (Case 1) was unusual in 
that the pulmonary valves were absent. All 
three cases showed marked hypertrophy and 
dilatation of the right ventricle, suggesting the 
presence of incompetent tricuspid valves. In 
Case 3, there was actual anatomic deformity 
of the septal leaflet of the tricuspid valve, pre- 
venting adequate valve function. Confirmation 
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of the presence of tricuspid incompetence was 
found in the presence of gross right atrial en- 
largement; in fact, the right atrium in each 
case was aneurysmal, dwarfing all the other 
cardiac chambers. An atrial septal defect of 
the secundum type was present in all three cases 
and a narrow patent ductus communicated with 
the normally formed but diminutive pulmonary 
arteries. 

In the fourth case obstruction to blood flow 
from right ventricle to pulmonary artery was 
entirely. functional. The pulmonary valves 
were normally formed and competent with a 
normal valve ring and orifice. Two factors 
were thought to be responsible. First, Eb- 
stein’s anomaly of the tricuspid valve was 
present, leading to gross tricuspid incompetence 
and aneurysmal dilatation of the right atrium. 
Also, by the very nature of the Ebstein’s anom- 
aly, right ventricular muscular function is im- 
paired. The presence of a considerably en- 
larged patent ductus arteriosus was the second 
important contributory factor. The ductus 
was of such size that aortic pressure was directly 
transmitted to the pulmonary arteries, keeping 
the pulmonary valves closed during right 
ventricular systole as well as diastole and thus 
preventing blood flow from right ventricle to 
pulmonary artery. The fetal circulation was 
presumably very little different, with blood 
from the right atrium deviated across the 
atrial septum to the left ventricle and thence 
to the aortic and pulmonary arteries. An 
atrial septal defect and a foramen ovale were, 
in fact, present, allowing easy access to the left 
atrium. 

Clinical Features: Physical development and 
nutrition during fetal life is normal; at birth all 
our patients appeared to be healthy. Cyanosis 
was observed in the first case only after two 
months but in the others it was noted soon after 
birth. Respiratory distress was a _ constant 
feature. On examination, central cyanosis was 
present in all cases. It was moderate and equal 
in the upper and lower extremities. Clubbing 
of the fingers and toes was not noted. 

Jugular venous distension and pulsation is 
always difficult to assess in infants and these 
patients -were no exception. Mild hepato- 
megaly and edema were noted in only one case. 
The peripheral pulses were all within normal 
limits. Palpation of the chest revealed consider- 
able cardiomegaly, in all cases right ventricular 
in type. Unlike Keith et al.,7 we found a loud 
systolic murmur in all cases, the nature and radi- 


ation of which was helpful in diagnosis. The 
murmur was pansystolic, blowing in character 
and maximal to the right and left of the lower 
sternum, radiating well to the right side of the 
chest. The murmur in character and position 
was quite compatible with incompetence of 
the tricuspid valve, confirmed at necropsy in 
every case. A  widely-heard triple rhythm 
with accentuation of the third sound completed 
the auscultatory findings. Neither splitting 
of the second sound nor a continuous murmur’*!4 
was audible in any case. 

Electrocardiographic Features: The electrocardio- 
gram in all cases showed evidence of right atrial 
and right ventricular hypertrophy. Tall, 
peaked P waves were particularly prominent 
either in the limb leads or the precordial leads. 
Right axis deviation was present in every case, 
varying from +100° to 160° with a clockwise 
loop in the frontal plane. There was no evi- 
dence of left ventricular enlargement, S waves 
persisting up to V;, and there were no voltage 
changes. The electrocardiogram, however, was 
the only way in which the cases with organic 
pulmonary atresia differed from the case with 
functional pulmonary atresia. The three pa- 
tients with organic pulmonary atresia all showed 
electrocardiographic evidence of right ventric- 
ular enlargement with a qR complex in V;R 
and V,;, whereas a QRS complex with the 
pattern of “incomplete right bundle branch 
block’? was present in the case with functional 
pulmonary atresia. The presence of qR com- 
plexes in the right precordial leads, especially in 
Case 4, supports the view of Sodi-Pallares 
et al.'® that this pattern provides a good indica- 
tion of right atrial dilatation. 

Radiographic Features: ‘The radiologic appear- 
ances were fairly characteristic in all four cases. 
Gross cardiomegaly was the rule with cardio- 
thoracic ratios of from 82 to 85. Aneurysmal 
dilatation of the right atrium was chiefly re- 
sponsible for the increase in the cardiac shadow, 
enlargement of the right ventricle being less 
easily determined in the presence of such giant 
right atria. However, the outflow tract of the 
right ventricle was prominent in the A-P view, 
producing a convex left border. In the lateral 
views the enlargement of the right-sided cham- 
bers was equally striking so that the retrosternal 
space was occupied by the right atrial shadow. 
Because of the cardiomegaly very little lung 
field could be seen but what was visible was 
clearly oligemic. 

Angiocardiography was performed in one case 


THE AMERICAN JOURNAL OF CARDIOLOGY 


} 
de 
x 
; 
pty 
a 
wie 


Pulmonary Atresia 


(Case 4) with functional pulmonary atresia, 
but the same changes would be expected in the 
others. Injection of contrast medium into the 
right atrium showed immediate filling of the 
aneurysmal right atrium in the biplane A-P 
and lateral pictures. The right ventricle was 
less well outlined but ended bluntly, with no 
dye entering the main pulmonary artery. 
Passage of the radiopaque material from right 
atrium to left atrium and left ventricle then 
occurred and the aorta was well outlined. The 
pulmonary arteries were diminutive and filled 
in the later pictures, presumably from the 
aorta. The films were not technically good 
enough to outline the ductus. A cineangio- 
cardiographic study'® has shown similar find- 
ings. 

Differential Diagnosis: The diagnosis of pul- 
monary atresia with tricuspid incompetence 
must be differentiated from severe pulmonary 
stenosis with intact ventricular septum and 
tricuspid atresia. ‘The electrocardiographic and 
radiologic findings excluded the latter. The site 
of maximal intensity of the systolic murmur and 
the radiation to the right side of the chest 
favors tricuspid incompetence and pulmonary 
atresia. However, in pulmonary valve stenosis 
and infundibular stenosis the murmur may 
have similar characteristics, duration, intensity 
and position.’® The behavior after amyl 
nitrite inhalation is the same. Moreover, in 
some cases of severe pulmonary stenosis with 
intact ventricular septum, especially in infancy, 
signs suggestive of tricuspid incompetence occur 
making accurate differentiation impossible. 
The diagnosis can thus be made with certainty 
only by angiocardiography. Surgery should 
be advised in either instance. 

The occurrence of functional pulmonary 
atresia must be extremely rare and to our 
knowledge this is the first case recorded. Only 
the combination of a large ductus with severe 
Ebstein’s anomaly makes this condition possible. 
The clinical and hemodynamic findings are 
identical. The only point of departure was the 
electrocardiogram which showed a QRS pat- 
tern in V, and slurring of the terminal S waves 
in the left precordial leads. 


SUMMARY 


1. Pulmonary atresia with intact ventricular 
septum is a rare anomaly and is usually fatal 
within the first few weeks of life. 

2. The fundamental defect is complete 
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obstruction of the pulmonary valve, the circu- 
lation being maintained by blood flow from 
right atrium to left atrium. The left ventricle 
functions as a single ventricle; a mixed venous 
and arterial blood is ejected from the ventricle 
into the aorta. Life depends on the size of the 
patent ductus from which the total pulmonary 
circulation is derived. 

3. The competence of the tricuspid valve 
determines the size of the right ventricle. When 
the valves are competent the right ventricular 
chamber is small and the walls hypertrophied. 
When the valves are incompetent the right 
ventricle is dilated and hypertrophied. 

4. Three cases of pulmonary atresia with 
intact ventricular septum and tricuspid incom- 
petence are described. Cyanosis and dyspnea 
were associated with considerable cardiomegaly, 
a triple rhythm and a loud pansystolic murmur 
maximal at the lower sternal edge radiating to 
the lower right side of the chest. The electro- 
cardiogram showed severe right atrial hyper- 
trophy and right ventricular hypertrophy with 
a qR complex in V;._ Radiologically, the heart 
was grossly enlarged with aneurysmal dilatation 
of the right atrium, right ventricular enlarge- 
ment and marked pulmonary oligemia. 

5. One case of functional pulmonary atresia 
with intact ventricular septum is described, due 
to a combination of Ebstein’s anomaly of the 
tricuspid valve and a very large patent ductus 
arteriosus. The clinical picture was identical 
with organic pulmonary atresia except for the 
electrocardiogram, which showed a QRS pat- 
tern in V, with slurring of the terminal S in the 
left precordial leads. An angiocardiographic 
study from the right atrium showed late filling 
of the pulmonary arteries from the aorta after 
passage of opaque medium from the aneurysmal 
right atrium to the left atrium and left ventricle. 
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Coarctation of the Pulmonary Artery and 
Pulmonary Valvular Stenosis’ 


Paut Hatt, m.p.,f Benct W. JOHANSSON, M.D., HANS KRrook, M.D., ARNE MALM, M.D., 
Nits-Macnus OLsson, M.D., Lars ANDREN, M.D. and HELGE WULFF, M.D. 


Malmé, Sweden 


SKODAIC THEORY of the etiology of 
| coarctation of the aorta postulates that 
coarctation is produced by an extension of the 
obliterating tissue from the ductus arteriosus 
into the aortic wall. Since a coarctation of the 
pulmonary artery has never been observed at 
the pulmonary end of the ligament of the ductus 
arteriosus, it has been argued that the hypothesis 
is not tenable.! 

Since 1953, several cases have been described 
with a narrowing not only in the pulmonary 
artery at the origin of the ductus arteriosus 
but also peripherally in the branches of the 
pulmonary artery. Séndergaard? reported 
three cases, all of which had a pulmonary 
valvular or infundibular stenosis and a nar- 
rowing of the pulmonary artery at the bifurca- 
tion. The author called the last-mentioned 
anomaly “coarctation of the pulmonary ar- 
tery.” Schumacher and Lurie* and Coles 
et al.‘ have each described one case of pulmonary 
valvular stenosis in combination with a coarcta- 
tion of the pulmonary artery. Powell® de- 
scribed a similar case in which there was no 
evidence of a pulmonary valvular stenosis but 
this lesion could not be excluded with certainty. 

Vermillion® described two cases, one with a 
ventricular septal defect and the other with a 
pulmonary valvular stenosis, both having a 
narrowing of the right pulmonary artery. 
Similar peripheral narrowings have been de- 
scribed in ever increasing number since Oppen- 
heimer’ reported the first case of multiple nar- 
rowings of the pulmonary artery. Thus, Arvids- 
son et al.’ contributed two cases; Gyllensvard 
et al.® described eight cases including one or two 
with a narrowing at the bifurcation; and D’Silva 
et al.,!° ten cases. 


- In 1959 Shafter and Bliss" made a survey of 
all published reports of cases of narrowing or 
stenosis of the pulmonary artery and found 
thirty-three such cases. They described an 
additional five cases. In four of these the 
diagnosis was made by catheterization of the 
heart without angiocardiography; because of 
this it is difficult to define the exact anatomic 
position of the stenosis. Trower et al.” have 
recently published two cases, one of which was 
successfully corrected under hypothermia. 

Thus, a review of the literature has shown 
that several cases have been diagnosed by 
catheterization alone without angiocardiog- 
raphy. We have observed one case in which 
catheterization did not give the diagnosis but 
angiocardiography did. 


Case REPORT 


The patient was a twenty-one year old carpenter 

with heart disease diagnosed at school. He had 
never been cyanotic but had always complained of 
breathlessness on exertion, but not during routine 
work, 
. Examination in 1957 showed a patient of normal 
body build (and normal strength) without cyanosis 
or dyspnea at rest. A slight precordial bulging 
was found and a systolic murmur (grade 4) over the 
pulmonary area as well as a thrill and an accentuated 
pulmonary second sound. The electrocardiogram 
(Fig. 1) showed normal axis deviation with a QRS 
duration of 0.11 second. P waves were prominent 
but not definitely increased above normal values. 
In the precordial leads marked signs of right ventricu- 
lar preponderance were found. The roentgenologic 
examination (Fig. 2) showed slight enlargement of 
the heart, especially of the right ventricle, with 
a relative volume of 690 cc. per square M. of body 
surface (Liljestrand") and dilatation of the pulmonary 
artery. The pulmonary vasculature was sparse. 


* From the Cardiological Laboratory of the Department of Medicine, the Department of Thoracic Surgery, and 
the Department of Roentgenology, Allmanna Sjukhuset, Malmé, Sweden. 
+ Present address: Department of Medicine, Serafimerlasarettet, Stockholm, Sweden. 
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Fie. 1. Electrocardiogram demonstrating right ventricular preponderance. 


Fic. 2. Roentgenograms (P-A and lateral views) showing increased heart size (right ventricle) and prominence of 
the pulmonary artery. Note the decreased vascularity of the lungs, more on the left than on the right side. 


Fic. 3. Angiocardiogram demonstrating pulmonary valvular stenosis and coarctation of the pulmonary artery. 
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Right heart catheterization showed a mean pressure 
of 7 mm. Hg in the right atrium, 181/0 in the right 
ventricle and 26/8 in the pulmonary artery with a 
mean pressure of 11 mm. Hg. Pressure was meas- 
ured in the right pulmonary artery (8-11 mm. Hg) 
but not in the left branch. Pulmonary capillary 
venous pressure was 6 mm. Hg. There were no 
signs of left to right shunt and there was normal 
oxygen saturation in the brachial artery. 

Angiocardiography showed a narrowing of the left 
pulmonary artery at the pulmonary end of the ductus 
arteriosus and also a pulmonary valvular stenosis 
(Fig. 3). 

Operative Findings: The patient was operated upon 
with a left-sided posterolateral incision and resection 
of the fourth rib. The right ventricle was extremely 
enlarged and the pulmonary artery dilated. The 
coarctation of the left pulmonary artery was marked 
and there was no patent ductus. Surgical relief of 
the coarctation was not considered necessary. A 
transventricular dilatation of the pulmonary valve 
was made with Brock’s dilator, and the systolic pres- 
sure in the right ventricle fell promptly from 130 to 
75 mm. Hg; the mean pressure in the pulmonary 
artery rose from 7 to 27 mm. Hg. The postoperative 
period was uncomplicated. 

Re-examination one year later revealed that the 
heart volume had diminished. The electrocardio- 
gram showed no further changes and the patient was 
in good health. 


COMMENTS 


In the literature there are to be found at 
least five cases with a proved narrowing of the 
pulmonary’ artery at the pulmonary end of the 
ligament of the ductus arteriosus in combination 
with a pulmonary infuadibular or valvular 
stenosis. The: pressure gradient between the 
right ventricle and the pulmonary artery in 
some of these cases was extremely high. For 
the diagnosis it is important to make pressure 
recordings from both the right and left pul- 
monary artery and to perform angiocardiog- 
raphy. 

The combination of these two anomalies is 
remarkable. Can the pulmonary valvular 
stenosis have any connection with the develop- 
ment of the coarctation of the pulmonary ar- 
tery? If the pulmonary blood flow is low, can 
it result in premature closure of the ductus 
arteriosus with consequent overcontraction at 
the origin of the ductus and subsequent stric- 
ture of the pulmonary artery at that level? 
There is no adequate answer, as we do not know 
the mechanism underlying the closing pro- 
cedure," but if there is such a connection the 
combination of a pulmonary valvular stenosis 
and a patent ductus ought to be rare. Ekstrém 
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found three patients with pulmonary valvular 
stenosis and a pressure gradient of more than 
30 mm. Hg out of 290 patients with patent 
ductus. Thus, the combination of a pulmo- 
nary valvular stenosis and a patent ductus with 
a high pressure difference across the pulmonary 
valve is rare. On the other hand, if a high 
pulmonary resistance may be established at 
birth, the frequency of patent ductus ought to 
be high according to this theory. In 115 
cases of patent ductus, Wood" found an Eisen- 
menger reaction (bidirectional or reversed 
shunt) in 13.3 per cent. Thus, the combination 
of a high pulmonary resistance and a patent 
ductus seems to be fairly common. 

We believe that we can neither exclude the 
possibility of a connection between valvular pul- 
monary stenosis and coarctation of the pulmonary 
artery nor exclude the skodaic theory on the basis 
of the fact that we have not observed any co- 
arctation at the pulmonary end of the ligament 
of ductus arteriosus, as such cases are ob- 
served. 


SUMMARY 


A case is reported of coarctation of the pul- 
monary artery at the pulmonary end of the 
ligament of the ductus arteriosus in combina- 
tion with a pulmonary valvular stenosis. The 
valvular stenosis was operated on with Brock’s 
dilator with good result. 

The combination of these two malformations 
and the possibility of a high pressure difference 
between the right ventricle and the pulmonary 
artery as a possible cause of coarctation are 
briefly discussed. 
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Absence of the Pulmonary Valve 


Report of Two Cases Associated with Other 
Congenital Lesions* 


LuciEN CAMPEAU, M.D., F.R.C.P.(C), GHISLAINE GILBERT, M.D. and NIcOLAs AERICHIDE, M.D. 
Montreal, Canada 


HE COMPLETE, CONGENITAL absence of the 
Eee valve is rare. Only ten cases 
proved at autopsy have been thus far reported, 
and most were associated with other congenital 
malformations. The following is a description 
of two other instances of absence of the pulmo- 
nary valve, of which one was associated with 
an infundibular pulmonic stenosis and a ven- 
tricular septal defect and the other with an 
aneurysm of an aortic sinus of Valsalva. 


Case REPORTS 


Case 1. G. F., a sixteen month old boy, was ad- 
mitted to Maisonneuve Hospital on November 14, 
1959, for treatment of furunculosis. It was reported 
that cyanosis had been present during the first week 
of life but had subsequently disappeared. He had 
been treated numerous times at another hospital 
for infections of the upper respiratory tract, and 
attacks of dyspnea and cyanosis. In October 1958, 
a left superior lobectomy had been performed at 
another hospital. . 

Physical Examination: His weight was 15 pounds, 
6 ounces. He appeared chronically ill and under- 
developed. There was slight cyanosis but no 
clubbing. He had a pectus carinatum. Over- 
lying a left-sided thoracotomy scar were five small 
furuncles and a small subcutaneous abscess. Bron- 
chial rales were disseminated over both lung fields. 
The heart rhythm was regular at 110 per minute and 
the blood pressure was 100/64 mm. Hg. A to and 
fro murmur, grade 3-4, was heard maximally at 
the left second and third intercostal spaces near the 
sternum. A single second heart sound was audible 
at the base, loudest over the second right intercostal 
space. Theliver extended over 1 fingerbreadth below 
the right costal margin. No edema was present. 

The roentgenogram of the thorax (Fig. 1) revealed 
osteolytic lesions of the left fifth rib compatible with 
osteomyelitis. The left upper lung field showed 
emphysematous changes. Lesions localized in the 


* From the Institute of Cardiology of Montreal. 
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right upper lobe compatible with bronchopneumonia 
were also described. The heart was enlarged and 
the cardiothoracic ratio measured 9.7 by 14.7 cm. 
The pulmonary artery appeared greatly dilated and 
was described as pulsatile at fluoroscopy. The 
pulmonary vasculature was otherwise normal. The 
electrocardiogram (Fig. 2) showed right axis deviation, 
right ventricular hypertrophy and an rsR’ configura- 
tion in V;-V2. Routine laboratory tests were normal 
except for a red blood cell count of 3,920,000 and a 
white blood cell count of 16,300. 

Cardiac Catheterization and Angiocardiography: On 
January 5, 1960, cardiac catheterization and angio- 
cardiography were performed under anesthesia by 
rectal Pentothal. The cardiac catheterization data 
shown in Table 1 suggested pulmonary stenosis and 
a ventricular septal defect with a bidirectional shunt. 
The catheter was introduced from the right ventricle 
into the aorta. The withdrawal pressure recording 
from the pulmonary artery to the right ventricle 
(Fig. 3) showed a single gradient at the usual level 
of the pulmonary valve, compatible with pulmonary 
valvular stenosis. A selective angiocardiogram (Fig. 
4) showed early visualization of the aorta, a ventric- 
ular septal defect and a localized area of constriction 
of the distal outflow tract suggesting pulmonary val- 
vular stenosis. 

After the procedures, which seemed to have been 
well tolerated, the infant remained unconscious and 
rapid breathing developed. Right-sided convulsions 
appeared and he died twenty-four hours later without 
having recovered consciousness. 

Autopsy Findings: The heart was moderately en- 
larged; the weight was not obtained because the 
lungs were not removed. Measurements of the 
pertinent structures are listed in Table u. The in- 
teratrial septum was intact. An _ infundibular 
stenosis was located at 8 mm. below the pulmonic 
ring. This consisted of a muscular band measuring 
6 mm. in width and 1 cm. in thickness, covering two- 
thirds of the circumference over the posterior and 
lateral walls. No semilunar valve was identified 
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Fic. 1. Case 1. 


Posteroanterior roentgenogram of the 
thorax. Note the greatly dilated pulmonary artery. 


(Fig. 5). A thin, irregular rim of tissue extended 
over the posterior wall and two excrescences of a 
few millimeters in diameter were found on the an- 
terolateral walls at the level of the pulmonic ring. 
Smooth thickenings of several millimeters were ob- 
served below the pulmonic ring. A high ventricular 
septal defect and an overriding aorta were noted. 
The main and left pulmonary arteries were grossly 
dilated. The venae cavae and pulmonary veins were 
normally connected. The tricuspid, mitral and 
aortic valves were normal. ‘The aortic arch was ina 
normal position and the ductus arteriosus was 


TABLE I 
Case 1. Cardiac Catheterization Data 
Oxygen 
Site of Catheter Pressure Selorutine 
(mm. Hg) (per cent) 
Superior vena cava ‘a 60 
Inferior vena cava ie 60 
Right atrium 3/0 54 
Right ventricle, low 76/2 68 
Right ventricle, high 74/3 78 
Main pulmonary artery 28/10 67 
Right pulmonary artery 23/7 66 
Left pulmonary artery 20/8 66 
Right pulmonary artery 5/0 - 
(wedge) 
Aorta (through ventricu- 81/43 82.5 
lar septal defect) 
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Fic. 2. Case 1. Electrocardiogram showing right ven- 


tricular hypertrophy and an rsR’ configuration in lead 
Vi-V2. 


Fic. 3. Case 1. Right heart catheterization. With- 
drawal pressure recording from pulmonary artery to 
right ventricle, showing a single gradient at the usual 
level of the pulmonary valve. 


TABLE I 
Case 1. Measurement of Heart Structures at Autopsy 
Measurement 
Structure 
(cm.) 


Pulmonic ring (diameter) 1.2(1.12+0.1)* 

Aortic valve (diameter ) 1.1 

Right ventricular wall (thickness) | 1 

Left ventricular wall (thickness) 0.8 

Interventricular septum (thickness) | 1.2 
1 


Ventricular septal defect (diam- 


eter ) 
Main pulmonary artery (circum- 8 (3.49 + 0.4)* 
ference) 
Right pulmonary artery (circum- | 2.5 
ference) 
Left pulmonary artery (circum- 10 
ference ) 
Aorta (circumference) 4 


* Normal measurement for a twelve to eighteen month 
old child. From: Goutp, G. E. Pathology of the 
Heart, p. 1064. Charles C Thomas.’ 
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Fic. 4. Case 1. Angiocardiogram, two seconds after injection into the right ventricle. Antero- 
posterior (/eft) and lateral (right) views: a, right ventricle; b, localized constriction suggesting 
valvular stenosis; c, aneurysmal pulmonary artery; d, early filling of the aorta; e, ventricular 
septal defect; f, left ventricle. 


Fic. 5. Case 1. View of the opened right ventricle and pulmonary artery illustrat- 
ing the following: a, thin rim of endocardial tissue; b, small excrescences at the level 
of the pulmonic ring; c, smooth thickenings below the pulmonic ring. Insert shows the 
view of the intact pulmonic orifice from above. 


noted at the level of the pulmonic ring showed myxo- 


closed. The coronary arteries were normal. Other 
findings included an absent upper left lobe of the matous connective tissue (Fig 6). 


lung, passive congestion of the Jungs and edema of 


the brain. 
The histologic examination of the excrescences 


Comment: The antemortem diagnosis was 
valvular pulmonary stenosis and ventricular 
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Fic. 6. Case 1. 


septal defect. The large pulsatile pulmonary 
artery was explained, although not satisfac- 
torily, on the basis of a post-stenotic dilatation 
and a left toright shunt. The diastolic murmur, 
however, was puzzling. This patient was one 
of the five who died following cardiac cathe- 
terization, with or without selective angiocar- 
diography, in a series of 1,218 examinations 
performed in this institution up to August 10, 
1960. 

Case 2. M. T., a seven year old girl, was ad- 
mitted on March 19, 1958. She seemed normal at 
birth and during early infancy. At four years of age 
she began to show exertional dyspnea which did not 
progress until six months before admission. She 
had an infection of the upper respiratory tract and 
subsequently complained of increasing orthopnea, 
dyspnea and edema. She became and remained 
bedridden. No cyanosis had been noticed. 

Physical examination revealed an acutely ill girl 
weighing 39 pounds. The lips and finger nail beds 
were pink but the feet, including the toe nails, had a 
cyanotic hue. There was no clubbing. The jugu- 
lar veins were distended and the carotid arteries 
were markedly pulsatile. The blood pressure at the 
arms was 180/60-0 mm. Hg and at the thighs, 200/ 
80-40. The thorax had a normal appearance and 
the lungs were clear to percussion and auscultation. 
A systolic thrill was present over the second and third 


Left: Photomacrograph ( X4) of the origin of the pulmonary artery 
and pulmonic ring section: a, pulmonary artery wall; b, excrescence and thickening 
at the level of the pulmonic ring; c, myocardium. Right: High power magnification 
( X200) of the excrescence showing the myxomatous connective tissue. 


intercostal spaces near the sternum. A to and fro 
murmur was heard with a maximum intensity at the 
second and third intercostal spaces to the left of the 
sternum. ‘The systolic component was widely trans- 
mitted to the anterior chest, neck and back. The 
diastolic murmur was shorter and variable in inten- 
sity. This to and fro murmur was described as 
continuous at times. The aortic second sound was 
of normal intensity but the pulmonic second sound 
was absent. The rhythm was regular and the heart 
rate was 120 per minute. The liver extended down- 
ward 4 fingerbreadths below the right costal margin. 


‘ Ascites and edema of the legs were present. 


The roentgenogram of the chest (Fig. 7) showed gross 
cardiomegaly with a cardiothoracic ratio of 16.5/19 
cm. Both ventricles seemed enlarged. The lung 
vascularity was slightly increased. At fluoroscopy, the 
pulmonary artery segment was pulsatile. The electro- 
cardiogram (Fig. 8) showed right axis deviation, marked 
right ventricular hypertropy and an rsR’ pattern 
in V;-V2. The routine laboratory tests were within 
normal limits except for albuminuria and a hemo- 
globin of 12.8 gm. per cent. 

At right heart catheterization, a significant right ven- 
tricular-pulmonary artery pressure gradient was 
recorded but due to technical difficulties a pullback 
pressure tracing was not obtained and the type of 
pulmonary stenosis was not established (Fig. 9). 
The pressure in the pulmonary artery was 26/20 
mm. Hg and the right ventricular pressure was 
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Fic. 7. Case 2. - Posteroanterior roentgenogram of the 
chest showing generalized cardiac enlargement. 


170/20 mm. Hg. The oxygen saturation values 
were ostensibly normal except for a difference of 
0.4 vol. per cent (Van Slyke) or 3.5 per cent (cuvette 
oximetry) between the right ventricle and the pul- 
monary artery, a step-up of doubtful significance. 
Because of the precarious condition of the patient, 
the procedure had to be discontinued before an 
arterial oxygen saturation and pressure could be 
obtained. Angiocardiographic studies were not 
performed for the same reason. 

The diagnosis considered was pulmonary stenosis 
with ventricular septal defect associated with aortic 
insufficiency. Because of a _ steadily downward 
course, a “salvage” operation was attempted but an 
unresponsive cardiac arrest occurred soon after the 
transventricular pulmonary valvotomy and dilatation 
of the infundibulum. 

Postmortem Examination: The heart showed evidence 
of a right ventriculotomy. It was not weighed be- 
cause the lungs were not removed from the specimen, 
but it was grossly enlarged. Both venae cavae 
drained normally. The foramen ovale was patent. 
The tricuspid valve appeared normal. The right 
ventricle was dilated and its walls measured 1 cm. 
at the greatest thickness. The infundibulum was not 
stenosed; at 1 cm. below the pulmonic ring it 
measured 1.5 cm. in diameter. The pulmonary 
orifice, however, was markedly constricted, meas- 
uring 8 mm. in diameter. It was partly obstructed 
by a round structure projecting into the lumen at the 
usual level of the semilunar valve. This was subse- 
quently identified as an aneurysm of the left aortic 
sinus, measuring 8 by 5 by 4 mm. and located at the 
usual site of the right posterior cusp (Fig. 10 and 
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Fic. 8. Case 2. Electrocardiogram showing right 
ventricular hypertrophy and an rsR’ pattern in leads 
V1-V2. 


Fic. 9. Case 2. Right heart catheterization. Discon- 
tinuous pressure record of the pulmonary artery (/eft) 
and right ventricule (right). The pulmonary artery 
diastolic pressure is equal to the right ventricular end 


diastolic pressure. 


11). An incision, 5 mm. deep, in the infundibulum 
(made by the surgeon’s instrument) extended 
through and slightly above this structure which had 
been thus perforated. No pulmonic cusp could be 
identified (Fig. 10). An endocardial thickening, 
possibly a rudimentary cusp, was noted over the 
anterior wall (Fig. 10 and 12). The pulmonary 
artery seemed smaller than normal, with a circum- 
ference of 2 cm. A high ventricular septal defect 
measuring 2 cm. in its largest diameter was identi- 
fied. The pulmonary veins drained into the left 
atrium and the mitral valve was normal. The left 
ventricle was dilated, and its walls measured 1 cm. 
in thickness. The aortic valve annulus measured 
2 cm. in diameter. The right and left sinuses of 
Valsalva were larger than normal (Fig. 13) and the 
right and left cusps obstructed almost completely 
the ventricular septal defect (Fig. 10). A slight 
pressure at the bottom of the sinuses caused the free 
margin of the left cusp to invert into the left ventricle, 
suggesting a severe aortic regurgitation during life. 
A small fenestration of a few millimeters in length 
was observed at the margin of the right aortic cusp. 
The left aortic sinus communicated with the aneurysm 
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Fic.10. Case2. Photographs of the opened pulmonary artery and right ventricle illustrating the following: a, absence 


of pulmonary cusps; b, aneurysm of the left aortic sinus; c, thickening, possibly a rudimentary cusp; d, right aortic 
cusp; ¢, left aortic cusp seen through the ventricular septal defect; f, ventricular septal defect; g, incision made by 
the surgeon’s instrument; h, edges of the sectioned aneurysm (at the site of the incision made by the surgeon); i, 
section removed for histologic study. P.A. = origin of the pulmonary artery; Ao = aorta; R.V. = right ventricular 


cavity. 


Fic. 11. Diagrams illustrating the formation of the 
semilunar valves by the partitioning of the truncus 
arteriosus cummunis. Left (normal): The aortopul- 
monary septum (1) divides the lateral endocardial 
cushions (2) in two, giving rise with each intercalated 
valvular swelling (3) to three pulmonic (4) and three 
aortic (5) cusps. Right (Case 2): It is postulated that 
the septum (6) divided the truncus unequally, including 
in the aortic trunk the posterior intercalated swelling (7) 
and the two lateral cushions (8), resulting in three aortic 
cusps, the left (9) and right (10) of abnormal size, and a 
. single cusp pulmonary valve, rudimentary (11) in this 
case. (12) Aneurysm of the left aortic sinus; (13) 
fenestration at the margin of the right aortic cusp. 


Case 2. View of the aortic valve from above, 
showing the following: a, large right (coronary) sinus; 


Fic. 12. 


b, large left (coronary) sinus; c, posterior sinus of 


normal size. 
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Fic. 13. Case 2. Left: Photomacrograph (4) of a vertical section through the 
rudimentary Cusp at the level of the pulmonic ring showing a, pulmonary artery wall; 
b, “rudimentary cusp” at the level of the pulmonic ring; c, myocardium. Right: 
Low power magnification (X80) of the “‘rudimentary cusp’’ showing dense con- 


nective tissue. 


previously described at a point near the left-right 
commissure. The aorta was of normal size but was 
partially transposed, overriding both ventricles. 
The remainder of the examination was not remarkable 
except for a passive congestion of the lungs, liver and 
brain. 


Comments: The diastolic murmur was most 
likely caused by the pulmonary valve and the 
aortic valve insufficiency. The aortic valve 
regurgitation appears to have been significant, 
as suggested by the wide systemic pulse pressure. 
The murmur had been described as continuous 
at times and the possibility of a spontaneous 
rupture of the aneurysm of the aortic sinus into 
the right ventricular outflow tract was raised. 
The absence of a left to right shunt at cardiac 
catheterization and the anatomic findings pre- 
viously described have convinced us that the 
perforation was made by the surgeon’s instru- 
ment during the transventricular valvotomy. 
In spite of the constriction of the pulmonic ring 
or orificial pulmonary stenosis and the obstruc- 
tion to flow produced by the aortic sinus aneu- 
rysm, this patient was not cyanotic. The large 
aortic cusps partially closed the ventricular 
septal defect (Fig. 10), but we postulate that 
the systemic hypertension resulting from the aor- 
tic insufficiency prevented a significant right to 
left shunt. In fact, the right ventricular systolic 
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pressure and systemic systolic pressure (arm 
cuff) were equal, but the systemic and pul- 
monary resistances were unfortunately not 
measured. 


COMMENTS 


Review of the Literature: Thirteen instances of 
congenital absence of all pulmonic cusps have 
been reported,'~? of which ten are cases 
proved at autopsy (Table mm). Ehrenhaft® 
discussed the case of a fourteen year old boy in 
whom an absence of the pulmonary valve was 
found at surgery. Although he believed that 
it had been destroyed by subacute bacterial 
endocarditis or rheumatic fever, it may have 
been aplastic. There was not postmortem 
confirmation. Miller and asseciates® described 
a clinical and pathologic syndrome in six 
children who presented cyanosis, a to and fro 
heart murmur, pulsating aneurysmal pulmo- 
nary arteries, 2 bidirectional shunt at the ven- 
tricular level and an infundibular pulmonary 
stenosis. Four of these patients have died 
and postmortem examination revealed an in- 
fundibular pulmonary stenosis, a ventricular 
septal defect, an overriding aorta and absence of 
any true pulmonary valve. The other two were 
presumed to have similar malformations, in- 
cluding the absence of a pulmonary valve. 
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Pathology and Embryology: This anomaly was 
associated with a ventricular septal defect in 
thirteen of the fifteen cases reported thus far, 
including the two cases described herein. 
Ehrenhaft’s patient* was reported to have an 
isolated absence of the pulmonary valve but no 
postmortem confirmation was obtained. Case 
2 of Smith and associates’ also had this anom- 
aly as an isolated malformation. In addition 
to the ventricular septal defect, eight had an 
infundibular pulmonary stenosis, and all of 
these except one also had an overriding aorta 
(tetralogy of Fallot). Three had a constricted 
pulmonic annulus or an orificial stenosis, but 
without identifiable valve tissue, a distinction 
which separates it from a true valvular steno- 
sis. Only two cases?* did not have a pul- 
monary stenosis of any type in combination 
with the ventricular septal defect. Finally, 
one case also had an associated single coronary 
artery and another, an aneurysm of an aortic 
sinus of Valsalva (Table m1). 

The congenital nature of this anomaly is not 
proved. The absence of histologic evidence 
of inflammation or destruction, the rarity of 
acquired pulmonary valvular disease, and the 
frequent association of other congenital mal- 
formations favor this assumption. All these 
cases had no pulmonary cusp that could be 
identified as such (Table m). Some had a 
complete absence of valvular tissue, and others 
had a thin fold, a fibrous band, smooth or ir- 
regular thickenings at the level of the pulmonic 
ring. Case 2 of Smith et al.’ had short irregu- 
lar and fused leaflets, the only case with identi- 
fiable leaflets. The histologic studies revealed 
fibrous tissue,**> avascular loose connective 
tissue,” myxomatous connective tissue (Case 1) 
and dense connective tissue (Case 2). These 
considerations suggest that this anomaly in 
some cases represents an hypoplasia and in 
others, a true agenesis of some or of all the pul- 
monic cusps. 

Simmonds® explained the reduction of pul- 
monary valve cusps, particularly of bicuspid 
valves, by a maldirection of the aortic septum, 
which has improperly divided the endocardial 
cushions, the precursors of the cusps. Ventricu- 
lar septal defect, overriding aorta and pulmo- 
nary stenosis, anomalies commonly associated 
with agenesis of the pulmonary valve and with 
bicuspid pulmonary valve,* may also result from 
an abnormal position of the aortic septum.” A 
single coronary ostium, an anomaly observed 
in one of the patients with no pulmonary valve,‘ 


has also been attributed by Roberts and Loube" 
to a misdirection of the aortic septum with 
crowding together of the coronary anlagen. 
The association of large aortic cusps with an 
absence of pulmonary cusps again suggests an 
unequal division of the truncus arteriosus 
(Fig. 11). In our Case 2, the anterior pul- 
monary cusp should have been present if this 
mechanism were responsible, but the endo- 
cardial thickening at that site may represent a 
rudimentary cusp. The formation of the aneu- 
rysm of the aortic sinus, on the other hand, is 
undoubtedly explained on another basis. 


HEMODYNAMIC AND CLINICAL SIGNIFICANCE 


Absence of the pulmonary valve is necessarily 
accompanied by severe pulmonary valve regur- 
gitation. Isolated pulmonary valvular insuf- 
ficiency appears to be well tolerated in the ex- 
perimental animal'’?-“ and in humans.!*—!® 
Although significant hemodynamic derange- 
ments and cardiac enlargement resulted, conges- 
tive failure could not be induced in dogs by 
complete excision of the pulmonary valve.” 
One of the patients with an isolated complete 
absence of the pulmonary valve appeared to 
have been only moderately handicapped.’ 
He complained, however, of shortness of 
breath from four years of age and had a mar- 
kedly enlarged heart. The other patient’ 
with isolated absence of the pulmonary valve 
was believed to have congestive heart failure 
in utero. ‘This relatively good tolerance in post- 
fetal life may be explained by the low pressure 
system of the right side of the heart. As 
suggested by Smith et al.,’ this anomaly is of 
greater consequence in utero because the pul- 
monary artery pressures are equal to the sys- 
temic pressures and a free communication of the 


' systemic and pulmonary arterial systems through 


the patent ductus arteriosus results in an 
aortic run-off into the pulmonary artery, thus 
increasing the pulmonic regurgitation. We 
presume that when pulmonary hypertension or 
a large left to right shunt is added, the regurgi- 
tation is similarly increased and the right ven- 
tricular overload may be less well tolerated. 
However, the two patients with a large associ- 
ated ventricular septal defect became signifi- 
cantly incapacitated only during the last few 
years, and they lived to the age of thirty-two and 
forty-six years, respectively.24 On the other 
hand, an associated pulmonary stenosis may 
minimize this regurgitation by reducing the 
pulmonary blood flow. 
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The diagnosis of isolated organic pulmonary 
valve regurgitation has been recently reviewed.!®—*° 
A short gap between the pulmonic second heart 
sound and the onset of the diastolic murmur is 
frequently observed. A systolic click is not 
infrequent. Of interest is the finding of a 
diastolic thrill and rumble over the tricuspid or 
the mitral area, which according to Segel et 
al.1® may be the equivalent of the Austin Flint 
murmur of aortic regurgitation. ‘The electro- 
cardiogram usually shows a right ventricular 
diastolic overload pattern or right bundle 
branch block with or without right ven- 
tricular hypertrophy. At fluoroscopy, the pul- 
monary arteries are dilated and abnormally 
pulsatile, falsely suggesting a left to right shunt. 
At cardiac catheterization, the pulmonary 
artery pressure curve may suggest the diagnosis. 
The most significant findings are a diastolic 
pressure approaching the right ventricular end 
diastolic pressure and a less prevalent.or absent 
incisura. The pulmonary artery and right 
ventricular pressure patterns become almost 
similar in cases of severe regurgitation. Segel 
and associates!® described an early systolic nega- 
tive wave believed to be a Venturi effect and 
not unlike the pattern observed by Wiggers 
in aortic insufficiency. A pressure gradient of 
10 to 30 mm. Hg may also be observed due to 
an increased flow through the pulmonic orifice. 
More recently, diagnostic methods with the aid 
of dye dilution technics*® and angiocardiogra- 
phy” have been described. 

Clinical Findings: Loud systolic and diastolic 
murmurs over the left side of the sternum 
were described in all cases of absence of the 
pulmonary valve, except in Case 2 of Smith 
and associates (auscultatory findings not given). 
The systolic murmur was due to associated 
anomalies except in Ehrenhaft’s case in which 
no other malformation was described. The 
pulmonic second sound was inaudible*:*:5:’ 
(our Case 2), or a single second sound was 
heard over the pulmonic area? (our Case 1). 
This single second sound was noted in patients 
with an overriding aorta and was presumably 
transmitted from the aortic valve because of the 
abnormal position of the aortic orifice. The 
second pulmonic sound was not mentioned by 
Roger and Wilson! and by Miller® and associates 
in the description of their cases. The pul- 
monary artery was markedly dilated and pulsa- 
tile in all cases except in two! (our Case 2). 
These two patients had severe constriction of 
the pulmonary orifice but the patients with in- 


fundibular stenosis had these findings as weil. 

A right bundle branch block or an rsR’ pat- 
tern in V,-V>2 in addition to the right ventricular 
hypertrophy was reported in five®:*’? of the seven 
cases with a description of the electrocardiogram 
(two cases reported herein). The patients of La- 
vennes and associates” and of Onesti and Harned® 
had a gR in V, but an rsR’ in V2, which can 
possibly be interpreted as right bundle branch 
block with right atrial and right ventricular 
hypertrophy.??. This bundle branch block is 
probably due to the right ventricular diastolic 
overload resulting from the pulmonary valve 
regurgitation. 

The pulmonary artery pressure was described 
in only three cases. Ehrenhaft’s* patient had a 
pulmonary artery pressure of 27/10 mm. Hg 
with a right ventricular pressure of 50/7 mm. 
Hg. Another case* had a pulmonary artery 
pressure of 180/23-28 with a right ventricular 
pressure of 180/0 mm. Hg. Finally the pa- 
tient described by Smith et al.” had a pulmonary 
artery pressure of 44/33 with a right ventricular 
pressure of 75/2 mm. Hg. None of these cases, 
except possibly Ehrenhaft’s case, had a pulmo- 
nary artery diastolic pressure equal to or 
approaching right ventricular diastolic pres- 
sure, a “pathognomonic” sign of pulmonary 
valve regurgitation. No explanation can be 
offered for this discrepancy. In our Case 1, 
none of the previously described signs of pul- 
monary valve regurgitation were observed (Fig. 
3), whereas in Case 2, the pulmonary artery 
diastolic pressure was equal to the right ven- 
tricular end diastolic pressure (Fig. 9). 

Combined Absence of Pulmonary Valve and 
Tetralogy of Fallot: Absence of the pulmonary 
valve confuses the diagnosis of the anomalies 


_ with which it is associated, and which are usually 


recognized otherwise without difficulty, such as 
the tetralogy of Fallot. Wesuggest, as do Miller 
et al.® that the combination of this anomaly 
and the malformations of the tetralogy-of Fal- 
lot results in a characteristic clinical syndrome. 
Cyanosis, systolic and diastolic murmurs, an 
aneurysmal pulmonary artery, a right ventric- 
ular-pulmonary artery pressure gradient, and a 
bi-directional shunt at the ventricular level were 
observed in the six cases of Miller et al., in Case 
1 of Smith et al.’ and in our Case 1. Smith 
and associates’ patient, however, had cyanosis 
only in early infancy and the murmur was 
described as continuous instead of “‘to and fro.” 


- This was the only case without an overriding 


aorta. We add to the description of Miller 
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and associates,® partial right bundle branch 
block associated with right ventricular hyper- 
trophy, which is rarely observed in a true 
tetralogy of Fallot. Not a single case of right 
bundle branch block has been found in a series 
of sixty-three cases of tetralogy of Fallot®® and 
we have observed an rsR’ pattern in V, or in 
V2 in only two tracings of fifty patients with a 
diagnosis of tetralogy of Fallot. Of these 
two patients, one had an associated bicuspid 
pulmonary valve and the other had pulmonary 
fibrosis due to healed tuberculosis. ‘The pres- 
ence of a normal or loud single second sound 
at the pulmonic area should not rule out pul- 
monary regurgitation, because in tetralogy 
of Fallot the aortic valve closure sound is usually 
heard over the second left intercostal space. 

Organic pulmonary valve regurgitation could 
have been suspected in our Case 1 and dye 
dilution with a double lumen catheter or a 
selective pulmonary artery angiogram would 
have certainly detected it. In our Case 2, 
on the other hand, the associated aortic valve 
regurgitation was sufficient to explain the 
diastolic murmur. The degree and significance 
of the pulmonary valve insufficiency in Case 
2 is difficult to evaluate in the presence of these 
multiple associated malformations. It may 
have been responsible for the incomplete bundle 
branch block but it was probably otherwise of 
little consequence in comparison to the orificial 
pulmonary’ stenosis and the aortic valve anom- 
alies. 


SUMMARY 


Two case reports of congenital absence of the 
pulmonary valve are presented. In one, as- 
sociated ventricular septal defect, overriding 
aorta and an_ infundibular pulmonary 
stenosis were observed. In the other, aneu- 
rysm of the left aortic sinus and a dilatation 
of both coronary sinuses of Valsalva were found 
in addition to a ventricular septal defect, over- 
riding aorta and an orificial pulmonary stenosis. 

Thirteen other instances of this anomaly have 
been previously reported and it was most fre- 
quently associated with a ventricular septal 
defect and pulmonary stenosis (tetralogy of 
Fallot). This anomaly is accompanied by 
clinical signs of organic pulmonary valve in- 
sufficiency. The combination of absence of the 
pulmonary valve with the malformations of the 
tetralogy of Fallot is believed to result in a 
distinct clinical syndrome, manifested by cya- 
nosis, systolic and diastolic murmurs, aneu- 


1961 


rysmal pulmonary artery, a right ventricular- 
pulmonary arterial pressure gradient, and a 
bidirectional shunt at the ventricular level. 

It is suggested that the combination of ab- 
sence of the pulmonary cusps and abnormally 
large aortic cusps favors the hypothesis of an 
unequal division of the truncus arteriosus as 
the embryologic error responsible for the reduc- 
tion of pulmonary cusps in some cases. 
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Rupture of the Aortic Valve Due to Strain’ 


Otto M. Spurny, M.D. and Masauki Hara, M.D. 
Little Rock, Arkansas 


HE Clinical picture of rupture of the aortic 

valve secondary to strain or trauma has been 
recognized for many years. Only in recent 
years has it been possible to attempt the surgical 
correction of such lesions. Recently we have 
had the opportunity to observe a patient with 
rupture of the aortic valve following strain. 
Surgical repair of the defect was attempted. 
Even though this patient did not survive the 
procedure, the case is being reported since 
surgical intervention seems to offer the only 
chance to halt an otherwise progressive and 
eventually fatal course. 


CasE REPORT 


A sixty-two year old farm laborer (No. 17-08-30) 
suddenly had an episode of severe substernal pain 
radiating to the left scapula and down the left side of 
his back on October 10, 1959, while carrying a 25 
pound block of ice. The pain subsided after a few 
minutes. The patient then developed progressive 
shortness of breath and subsequently coughed up 
frothy pink sputum. A physician treated the patient 
with digitalis and diuretics without definite improve- 
ment. The patient was referred to the University of 
Arkansas Medical Center.on October 20, 1959 to be 
evaluated for a possible ruptured aortic cusp. 

The patient stated that he had been in excellent 
health all his life except for gonorrhea in 1912 and 
influenza in 1918. The patient specifically denied 
any history of syphilis or rheumatic fever. A 
physician had told him in 1955 that he had hyper- 
tension. 

On admission his blood pressure was 150/50 mm. Hg 
in the right arm. The pulse was 100 per minute 
and regular. The respirations were 26 per minute 
and he weighed 126 pounds. The temperature was 
98.4° F. His vital capacity was 2.6 L. with a rapid 
flow. The patient appeared dyspneic but was in no 
acute distress. Funduscopic examination revealed 
arteriolar narrowing and A-V nicking. In the supine 
position the neck veins were distended and filled from 
below. There was an exaggerated pulsation of both 
carotid arteries. Dullness and decreased breath 
sounds were present over both lung bases. Examina- 


tion of the heart revealed the point of maximal im- 
pulse 3 cm. lateral to the left midclavicular line in 
the sixth intercostal space. The rhythm was regular. 
A middiastolic thrill was palpable at the apex. Over 
the base a grade 2 systolic murmur, followed by an 
accentuated second aortic sound and a grade 3 high- 
pitched diastolic decrescendo murmur, were heard. 
A low-pitched rumbling grade 3 middiastolic murmur 
was audible over the apex. The liver edge was 
palpated 7 cm. below the right costal margin. The 
peripheral pulses were equal in both arms and had a 
water hammer quality. Duroziez’ sign was elicited 
over the femoral arteries. There was slight bilateral 
pretibial edema. 

Urinalysis revealed no abnormalities. The hemo- 
globin was 11.2 gm. per cent and the hematocrit was 
35 per cent. A serologic test for syphilis (VDRL) 
was negative. The blood urea nitrogen was 23 mg. 
per cent. The venous pressure was equivalent to 120 
mm. of saline with rise to 230 mm. on pressure over 
the liver. The circulation time (Decholin,® arm to 
tongue) was nineteen seconds. 

Roentgenograms of the chest showed congested lung 
fields and bilateral pleural effusion. The aortic 
shadow did not appear enlarged. The heart was en- 
larged, predominantly in the region of the left 
ventricle (Fig. 1). 

An electrocardiogram revealed a sinus mechanism 
with a rate of 90 per minute and changes suggestive 
of left ventricular hypertrophy and digitalis effect 
(Fig. 2). There was no evidence of a recent or remote 
myocardial infarction. 

Course: On a regimen consisting of restricted ac- 
tivity, limited sodium intake and digitalis, the patient 
lost 17 pounds in the next twelve days with considera- 
ble subjective and objective improvement. The 
patient was then discharged from the hospital with 
the clinical diagnosis of a ruptured aortic cusp. He 
became progressively short of breath despite strict 
adherence to his cardiac regimen. The venous pres- 
sure on a Clinic visit on January 4, 1960 was equiva- 
lent to 180 mm. of saline with rise to 250 mm. on 
hepatic pressure. His circulation time (arm to 
tongue) was thirty-four seconds. The patient was 
readmitted to the hospital on January 11, 1960. The 
cardiac findings were unchanged. He again made 
some improvement on a strict cardiac regimen. A 


* From the Departments of Medicine and Surgery, University of Arkansas Medical Center, Little Rock, Arkansas. 
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Fic. 1. Chest film which shows enlargement of the left ventricle and pulmonary 
congestion. 
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Fic. 2. Electrocardiogram exhibiting left ventricular hypertrophy and digitalis effect. 
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Fic. 3. Retrograde aortogram which reveals reflux of dye into the left ventricle 


indicating aortic valvular incompetency. 


retrograde aortogram (Fig. 3) showed reflux of dye from 
the aorta into the left ventricle. No evidence of a 
dissecting or localized aneurysm was seen. 

Surgical Findings and Results: On January 26, 1960 
an attempt was made to repair the valvular defect 
using a Kay-Cross pump-oxygenator. The ascending 
aorta was dilated, measuring 6 cm. in diameter, but 
free of any inflammatory reaction suggestive of a 
recent dissecting aneurysm. A diastolic thrill was 
present in the left ventricle. Extracorporeal per- 
fusion was instituted at an estimated flow rate of 62 
ce./kg./minute. This maintained the arterial pres- 
sure in the range of 75 to 105 mm. Hg. In the initial 
eight minutes of the bypass procedure the venous re- 
turn exceeded the arterial output by approximately 
2,300 cc. of blood. A longitudinal J-shaped incision 
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was made in the base of the aorta revealing a linear 
rent 6 mm. long in the anterior half of the left pos- 
terior aortic leaflet running parallel and about 1.5 
mm. medial to the annulus (Fig. 4). The tear 
crossed the free edge of the leaflet near the commis- 
sure and extended proximally and anteriorly for a 
distance of 6 mm. in an oblique direction through the 
intima of the aorta. The leaflets were slightly 
thickened but otherwise normal in appearance and 
seemed to close adequately after the rent had been 
repaired with several No. 4-0 arterial silk sutures. 
The aorta was partly sutured after which the rest of 
the opening was occluded by a Satinsky clamp and 
the aortic clamp released to permit perfusion of the 
coronary arterial bed. The heart began to beat 
strongly within a period of two to three minutes. 
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Fic. 4. Drawing illustrating tear in the anterior portion 
of the left coronary cusp. 


The procedure had taken about fifteen minutes to 
this point but complete extracorporeal perfusion was 
continued for an additional ten to twelve minutes to 
permit the heart to recover from the effects of is- 
chemic arrest with decompression of the chambers 
being achieved through vents previously placed in 
both atria. The remainder of the aortotomy was 
sutured during this time. The cardiac action ap- 
peared strong and the atrial vents were occluded and 
partial cardiac bypass instituted. A brief period of 
bypass was reinstituted to facilitate closure of a small 
leak in the posterior aspect of the aortotomy when it 
was observed that the heart had ceased beating and 
that the arterial and venous blood was exceedingly 
dark. A hasty check revealed that the oxygen inlet 
tube had become obstructed. Oxygen was intro- 
duced directly into the oxygenating chamber and 
extracorporeal perfusion continued for another thirty 
minutes in an attempt to resuscitate the heart. De- 
spite adequate perfusion of the coronary arteries and 
repeated attempts at defibrillation, the heart could not 
be permanently revived. 


CoMMENTS 


Cases of rupture of the aortic valve due to 
strain or trauma have been reported sporadi- 
cally for over one hundred years. In 1925 
Howard reviewed the data of 112 cases re- 
ported from 1830 to 1925 and added another 
case of his own.' The diagnosis was proved by 
autopsy in forty-eight cases. 

In sixty cases rupture was considered to be 
due to muscular strain and in the remaining 
cases secondary to trauma or unstated causes. 
All except one of the cases due to strain had 


occurred in men whose ages ranged from 
twenty to sixty years with an increased inci- 
dence in the fourth and fifth decades. Usually 
only one cusp was affected, most commonly 
the anterior leaflet, but involvement of two 
cusps was reported occasionally. At autopsy 
the valve was considered to be otherwise “‘nor- 
mal” in only seven, or 23 per cent of the cases. 
The majority of the protocols described the 
valve as thickened, atheromatous or even cal- 
careous. 

The most common initial symptom is severe 
pain within the chest occurring during physical 
exertion. The pain is described as acute and 
agonizing and may be associated with a sudden 
tearing sensation within the chest. It is pri- 
marily in the precordium or epigastrium and 
usually radiates to the neck and left shoulder 
and sometimes into the back between the 
shoulder blades. The patient may become 
immediately conscious of a “roaring or buzzing 
sensation” in his chest. Dyspnea occurs usually 
immediately after the accident. The clinical 
picture is characterized by the suddenness of 
the onset of symptoms in a previously healthy 
subject and the rapid development of pro- 
gressive intractable heart failure together with 
the circulatory signs of free aortic regurgita- 
tion. The musical quality of the aortic diastolic 
murmur has been repeatedly emphasized. 
Several authors, however, have detected mur- 
murs of this character more commonly in aortic 
insufficiency secondary to syphilis or bacterial 
endocarditis.”.* 

The prognosis will vary with the size of the 
tear and the degree of valvular insufficiency 
produced. In the great majority of reported 
cases the clinical course has been one of rapidly 
progressing cardiac failure with death occurring 


within months. 


Because of the poor prognosis Bean and 
Schmidt‘ questioned in 1953 the value of dis- 
covering rupture of the aortic valve during life, 
other than for the enhancement of the clini- 
cian’s pride in his diagnostic astuteness. Bean 
also suggested that this injury represented an 
ideal situation for surgical intervention. Leon- 
ard, Harvey and Hufnagel’ in 1955 were able 
to report such an attempt in a seventeen year 
old boy (with traumatic rupture of the aortic 
valve). They inserted a plastic valve into the 
descending aorta. Even though the clinical 
picture was complicated by a left to right shunt 
at the ventricular level, the patient was asymp- 
tomatic and doing heavy labor fourteen months 
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after surgery. Dimond et al.® reported a case 
of post-traumatic aortic insufficiency in a pa- 
tient with Marfan’s syndrome in whom surgical 
repair was unsuccessfully attempted. It would 
seem that surgical intervention should be 
attempted as early as possible in this disorder 
since otherwise the prognosis is extremely 
grave. 


SUMMARY 


A case of rupture of the aortic valve due to 
physical strain is presented. Surgical repair 
of the defect utilizing a cardiac bypass pro- 
cedure was attempted but was unsuccessful. 
A short discussion of the clinical picture of this 
disorder is added and emphasizes the necessity 
for attempted repair of this defect to avoid the 
usual rapidly progressing cardiac failure and 
death. 
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Aberrant Origin of Left Coronary Artery 
Combined with Mitral Regurgitation 
in an Adult 


AHMED UsMAN, M.B.B.S., BLANCHE FERNANDEZ, M.B.B.S., JOSEPH F. URICCHIO, M.D., F.A.C.C. 
and Henry T. NICHOLS, M.D. 


Philadelphia, Pennsylvania 


HE PURPOSE of this report is to record a 
os with an abnormal origin of a coronary 
artery from the pulmonary artery, combined 
with mitral regurgitation. 

Anomalous origin of the coronary arteries is a 
rare congenital abnormality. Less than seventy- 
five cases have been reported in the world 
literature.'~* Because of a developmental 
defect in the embryonic division of the common 
arterial trunk, the left coronary artery originates 
from the pulmonary artery rather than from the 
aorta. In rare cases, the right or even both 
coronary arteries may originate from the pul- 
monary trunk. 

Bland, White and Garland’ were the first to 
describe the clinical syndrome. Symptoms 
usually occur between the second and sixth 
month of life and death ensues before one year 
of age. Some of the cases were symptom-free 
and the abnormality was noted at autopsy 
when these infants died from other causes. 
Fifteen patients survived to adult life,*:+ the 
highest age being sixty years and the lowest, 
sixteen;® only one published case so far has 
provided clinical evidence of associated mitral 
regurgitation.® 


CasE REPORT 


M. J., a twenty-six year old white woman,* was 
admitted on June 21, 1959, with a four-month history 
of dyspnea on exertion and edema of the ankles. 
The detailed history from the referring physician 
was as follows: 

The patient is now twenty-six years old, married 
and has no children. She is a nonidentical twin, 


* Patient referred by Dr. R. Lenel, Permanente 
Medical Group, Oakland, California. 


her sister being entirely healthy. She is said to 
have been born with a heart murmur. She developed 
normally and participated in all activities in school, 
although she fainted about eight times, most episodes 
lasting about one minute, except the last two bouts, 
which may have lasted five to ten minutes. Each 
syncopal attack occurred on physical. exertion. 
She never had convulsions but twice had fecal and 
urinary incontinence with the attacks. 

For years she had noted mild exertional dyspnea 
on rapid walking and on climbing stairs, usually 
associated with pounding of the heart. She has 
had a great many infections of the upper respiratory 
tract throughout her childhood and in adolescence, 
usually associated with bronchitis. 

In 1957 she was married, and went skiing for two 
seasons at 7,000 feet altitude without difficulty. 
The patient gave no history suggestive of rheumatic 
fever. 

In April 1958 she had her first episode of par- 
oxysmal atrial fibrillation which converted promptly 
to sinus rhythm after the administration of quinidine 
and digitalis. She later discontinued the quinidine 


but continued taking the digitalis. 


In March 1959, she was three months pregnant 
and suffered from recurrent atrial fibrillation. 
Quinidine on an outpatient basis did not control the 
fibrillation and before further measures were taken 
the patient had a miscarriage on March 17, 1959. 
On March 30, 1959 she came to the office in severe 
congestive failure. She was hospitalized and the 
failure was fairly easily controlled with the usual meas- 
ures of salt restriction and diuretics. Strenuous at- 
tempts at conversion of atrial fibrillation were unsuc- 
cessful. Since discharge from the hospital on April 4, 
1959 the patient has been in failure every time she has 
been seen in the office. 

Pertinent Physical Findings: The patient was a 
moderately developed woman in no acute distress. 
The neck veins were not distended. A few rales 


*From the Departments of Medicine and Thoracic Surgery, Hahnemann Medical College and Hospital, Phila- 


delphia, Pennsylvania. 


THE AMERICAN JOURNAL OF CARDIOLOGY 


: 
be 
4 
nigh 
é 
0 
13 


Aberrant Left Coronary Artery 131 


Fic. 1. A and B. Roentgenogram of tke chest demonstrating evidence for hypertrophy of both 


ventricles in addition to left atrial dilatation. 
lung fields. 


were audible at the lung bases. The cardiac impulse 
was prominent in the fifth left intercostal space in the 
midclavicular line and an apical systolic thrill was 
present. A grade 4 harsh apical systolic murmur 
was present which was transmitted far into the back 
with a peculiar resonant component in the axilla. 
The murmur varied with respiration and position. 
The mitral first sound was very loud. No presystolic 
or diastolic murmur was heard. There was a distinct 
third heart sound. Pulmonic second sound was 
markedly accentuated. 

Laboratory Findings: The routine laboratory tests, 
including blood studies and serum electrolytes, were 
within normal limits. X-ray examination of the 
chest and fluoroscopy (Fig. 1A) revealed increased 
pulmonary vascular markings, but no hilar dance. 
The heart was markedly enlarged with probable 
hypertrophy of both ventricles and diiatation of the 
left atrium (Fig. 1B). 

Circulation time (arm to tongue) was twenty- 
eight seconds with Decholin. 

The electrocardiogram (Fig. 2) showed the 
presence of atrial fibrillation with a well-controlled 
ventricular response. Left ventricular hypertrophy 
was present. Small R waves were noted to the 
right of the precordium. 

Hospital Course and Surgical Findings: The patient 
responded to treatment with bed rest, salt restriction, 
digitalis and diuretics. As this patient was thought to 
be a clear-cut case of severe mitral insufficiency, dye 
studies and cardiac catheterization studies were not 
performed. Over a period of two weeks she was 
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Vascular markings were accentuated within both 
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Fic. 2. Electrocardiogram demonstrating evidence 
for atrial fibrillation and left ventricular hypertrophy. 
The initial upward deflection in V; through V, were of 
small amplitude. 


gradually prepared for surgery to repair the mitral 
insufficiency. 

On July 10, 1959 plication of the mitral valve 
annulus was done, using an open heart technic. 
The mitral valve was incompetent posteriorly and 
there was minimum deposit of calcium in back of the 
two fibrotic cusps. There were dense adhesions in 
the precordium prohibiting proper inspection of the 
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Fic. 3. A, left coronary artery arising from the pul- 
monary artery. B, right coronary artery arising from the 
aorta. Note fibroelastosis of the left ventricle beneath 
the valve ring. C, mitral valve. 


coronary vessels. A satisfactory correction of the 
valvular deformity was accomplished and_ the 
regurgitation eliminated. 

Postoperatively, the patient was well for five hours, 
when ventricular tachycardia and cardiac arrest 
suddenly developed. She was revived by manual 
systole but later went into deep coma and died. 


POsTMORTEM FINDINGS 


Macroscopic Findings: ‘The heart weighed 550 gm. 
The pericardium was thickened and the pericardial 
space was obliterated. On opening the pulmonary ar- 
tery, no thrombus was found. The epicardium was 
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Fic. 4. Microscopic section specially stained to dem- 
onstrate the predominance of elastic tissue in the 
endocardium. 


rough and hemorrhagic with many fibrinous adhesive 
bands attached to it. The endocardium over the 
whole of the left ventricle was markedly thickened 
and yellow in color. In some areas there was focal 
calcification. The chordae tendineae were not 
markedly thickened. The mitral valve was calcific 
and posteriorly there were black silk sutures in the 
annulus fibrosus. The remaining valves were thin 
and appeared competent. The myocardium of the 
right ventricle was 1 cm. in thickness and that of the 
left ventricle was 1.8cm. ‘The coronary arteries were 
abnormal in size and distribution. The thick, 
tortuous right coronary artery arose from the aorta. 
The left coronary artery arose from the pulmonary 
artery (Fig. 3). It was thin and veinlike in ap- 
pearance. There was a well developed anastomosis 
between the two coronary arteries over the myo- 
cardium of the left ventricle. Both coronary arteries 
were patent and were normal in the rest of their 
course. 

Microscopic Examination: There was complete 
loss of architecture in the myocardium due to focal 
areas of fibrosis. ‘The endocardium was markedly 
thickened and fibrotic and showed elastic fibers by 
special stains (Fig. 4). In areas, the fibrosis ex- 
tended into the deeper layers. ‘The epicardium 
appeared edematous and there was some fibrinoid 
degeneration seen with formation of granulation 
tissue. The myocardium was very thin at the 


apex. 
COMMENTS 


According to Kaunitz*® the greater incidence 
of anomalous origin of the left coronary artery 
as compared with the right may be explained 
by the proximity of the sinus of Valsalva 
of the aorta to the septum of the truncus 
arteriosus with the result that a small displace- 
ment of its angle would cause the left coronary 
ostium to fall within the pulmonary artery. 
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The syndrome affects women roughly twice as 
often as men.!:?:6 

Electrocardiographic changes are charac- 
teristic of myocardial ischemia. There is 
generally a tendency towards left axis deviation 
and in 50 per cent of the cases, left ventricular 
hypertrophy.?:!° 

Hemodynamics: Normally, the oxygen content 
of the arterial blood (aorta and coronary 
arteries) is 19 volumes per cent. The arterio- 
venous oxygen difference in the coronary 
circulation approximates 15 volumes per cent; 
therefore, it is apparent that the cardiac 
musculature extracts nearly all of the oxygen 
that is delivered to it. Partial perfusion of the 
ventricles with venous blood with an oxygen 
content ranging from 12 to 14 volumes per 
cent can only lead to an oxygen debt with 
interference in cardiac performance. In the 
asymptomatic neonatal phase the high pressure 
in the pulmonary artery and patency of the 
ductus arteriosus probably help to maintain a 
reasonably adequate coronary blood flow.® 
Later, however, the fall in the pulmonary artery 
pressure and increasing work load of the left 
ventricle result in anoxia and myocardial 
damage. The secondary stasis further de- 
creases the pulmonary and left coronary flow 
and a vicious cycle is established. 

In the adult cases of aberrant left coronary 
artery, the left ventricular lesions have been 
less marked than in infancy, or even absent. 
The left coronary artery has usually been 
dilated and thin walled, resembling a vein. 
The right coronary artery has been markedly 
dilated, tortuous and cirsoid with an extensive 
collateral circulation. Coronary atherosclerosis, 
when present, has involved only the right 
coronary artery.® 

The additional burden imposed by mitral 
regurgitation (congenital or acquired) in- 
creases the oxygen and nutritional requirements 
of the left ventricle, accelerating the develop- 
ment of left ventricular hypertrophy. The 
pathologic changes described previously rep- 
resent the end stages of chronic hypoxia be- 
cause of partial perfusion of the heart with 
venous blood and interference with coronary 
perfusion as a result of a diminution in effective 
cardiac output. 

Anomalous Coronary Arteries and Mitral Insuf- 
ficiency: Several anomalies of the coronary 
arteries have been described.“ Arteriovenous 
aneurysms of varying sizes are the most common. 
Only one case has been reported so far in which 
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there was an associated mitral insufficiency and 
the cause has been described as rheumatic 
valvulitis.* 

Edwards quotes Roberts and Loube:” “It 
is well to emphasize that a congenitally single 
coronary artery is capable of supplying ade- 
quately the entire heart, unless by chance it 
becomes the site of acquired disease.” 

Anomalous left coronary artery presents the 
features of an A-V shunt plus insufficient per- 
fusion of the left ventricle because of low pres- 
sure in the left coronary artery; i.e., the blood 
from the left coronary artery drains into the 
pulmonary artery,‘ and possibly because of the 
endocardial fibroelastosis usually associated with 
this anomaly. 

Cause for Myocardial Ischemia: In cases of 
anomalous origin of the left coronary artery 
from the pulmonary trunk, the associated 
myocardial ischemia has been documented 
electrocardiographically many times since the 
report in 1933 of Bland, White and Garland." 
Nevertheless, the cause of the ischemia has not 
met uniform recognition. The basis of disagree- 
ment revolved around the question, “In what 
direction does the blood flow in the artery 
arising anomalously from the pulmonary 
trunk?”’ Until recently the view most commonly 
held was that blood flows from the pulmonary 
trunk into the anomalous coronary artery and 
thence to the myocardium.'® But lately, by 
means of angiocardiography, it has been proved 
that blood flows from the aorta to the normal 
right coronary artery, then to the anomalous 
jeft coronary artery via small anastomotic 
channels and finally drains into the pulmonary 
artery.* 

This proves the observation that in some cases 
of cyanotic cardiac disease the level of oxygen 
saturation of arterial blood is far below that of 
venous blood of patients without right to left 


- shunts. Cyanotic patients do not manifest 


clinical or pathologic signs of myocardial 
ischemia, however. Actually, it may not be the 
level of oxygen saturation but the low per- 
fusion pressure supplied to the anomalous artery 
that makes the myocardium ischemic. In the 
presence of mitral regurgitation the perfusion 
pressure is even lower. 

Diagnosis: The diagnosis of this syndrome is 
sometimes difficult to establish. However, in 
this disease cardiac enlargement is common 
and left ventricular failure frequent. Four 
proved cases of this entity have recently been 
added to the group having this rare anomaly. 
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The diagnosis was made angiocardiographically 
by a characteristic thinning of the myocardium 
near the apex and by the absence of pulsations 
of the huge left ventricle.’ Most recently, by 
means of cineangiocardiography after direct 
injection of radiopaque substance in the cor- 
onary sinus by placing the tip of the catheter 
at the root of the aorta,‘:® the entire course of 
biood flow in the anomalous coronary system has 
been established. In this particular case the 
congenital anomaly was found in the operating 
room during thoracotomy for a suspected patent 
ductus arteriosus with a classic machinery 
murmur at the base of the heart. 

The electrocardiogram can be considered 
pathognomonic of aberrant origin of coronary 
artery from pulmonary artery only in the 
absence of mitral regurgitation. 

In many patients an aneurysmal thinning of 
the apex of the heart is described which may be 
important if an electrocardiographic pattern of 
small R waves is obtained in V, to V3. 

The presence of mitral regurgitation is easy 
to establish clinically because of the loud pansys- 
tolic apical murmur. ‘The variation of the 
murmur with position and respiration is unusual 
in rheumatic mitral regurgitation. 

The recent advances in radiologic technic 
promise a great deal regarding early diagnosis. 

The surgical treatment of this syndrome is 
still unsatisfactory and longevity is regulated 
chiefly by the degree of collateral circulation 
from the normal right coronary artery. Cor- 
rection of the valvular defect can only be 
considered palliative as long as the vascular 
anomaly persists. 


SUMMARY 
A case of aberrant origin of the left coronary 


from the pulmonary artery is described in a. 


woman who lived to the age of twenty-six. 
In addition, severe mitral regurgitation was 
present due to a dilated and partially calcific 
mitral valve. 

The clinical syndrome is reviewed and the 
causes for the myocardial ischemia outlined. 

Angiocardiography is helpful in establishing 
the diagnosis. Electrocardiograms may be 
considered pathognomonic of the syndrome 
only in the absence of mitral regurgitation. 

Surgical treatment still is unsatisfactory. 
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Idiopathic Postural Hypotension 


Case Report Including Hemodynamic Measurements before 
and after Acute Digitalization* 


LENorRE R. ZOHMAN, M.D. 
Valhalla, New York 


Wwe A NORMAL subject assumes the upright 
posture, the arterial blood pressure is 
maintained by certain physiologic adjustments. 
Although initially there may be a 25 per cent 
fall in cardiac output and a decreased venous 
return, this is followed by an augmentation of 
cardiac output, compensatory arteriolar con- 
striction and increased venous return. These 
adjustments assure maintenance of a normal 
cardiac output and prevent the fall of mean 
arterial pressure. Reflex mechanisms mediated 
via the sympathetic nervous system are thought 
responsible for these effects.! 

In the patient with postural hypotension, 
however, three major aberrations of the normal 
response to assuming the upright posture have 
been observed: (1) a loss of reflex arteriolar 
constriction; (2) usually a fall but not neces- 
sarily a greater than normal fall in cardiac 
output which aggravates the blood pressure 
drop; and (3) inadequate venous return due to 
pooling of blood in the venous system. The 
present study was carried out in order to 
determine the effect of digitalization on these 
three parameters in a patient with idiopathic 
postural hypotension. 


CasE REPORT 


The patient was a seventy-four year old white man 
with a history of myocardial infarction in 1941. 
From 1942 to 1952 the patient was completely well, 
and did sedentary work full time. In 1952 there 
was an episode of sudden unconsciousness occurring 
spontaneously, which resulted in numerous bruises 
and lacerations but no neurologic sequelae. For 
the next six years the patient noted dizziness without 
tinnitus or hearing impairment and was seen by 
several physicians who treated him for Meniére’s 


disease despite the atypical nature of his symptoms. 
During his many consultations with physicians he 
received phenobarbital, belladonna, vitamins and re- 
assurance, all without noticeable effect. The blood 
pressure was not measured in the erect position during 
this period of time. 

In 1958, while driving his car, the occurrence of 
another episode of unconsciousness caused the 
patient’s car to collide with another vehicle. Follow- 
ing this accident, during his three week hospital- 
ization, postural hypotension was first documented. 
The patient could not remain standing motionless 
in the upright posture for more than a few minutes 
without lightheadedness, followed by collapse. 
Urinalysis, blood electrolytes, blood urea nitrogen 
and intravenous pyelogram were within normal 
limits. There was minimally impaired glucose 
tolerance without glycosuria. Urinary excretion 
of epinephrine and norepinephrine was not measured. 
None of the usual explanations of postural hypo- 
tension was present, such as varicosities, sympa- 
thectomy or ingestion of ganglionic blockers. A 
course of steroids proved therapeutically ineffective. 
He has obtained some relief of lightheadedness by 
wearing a rubber suit to the waist, and by regularly 
taking ephedrine. 

Since his discharge from the hospital in 1958, 
the patient has had only two syncopal episodes, 
each lasting about three minutes. Syncope is avoided 
by sitting or lying down when dizziness occurs and 
therefore, he carries a small folding chair with him 
at all times. At present he is able to stand for only 
about thirty seconds without the rubber suit but he 
can walk long distances without dizziness or dyspnea 
and can sit comfortably for unlimited periods. 

Physical examination revealed an intelligent, asthenic 
man who was able to stand for several minutes when 
wearing a rubber suit. Without the suit, cuff blood 
pressure was 150/95 mm. Hg recumbent, 130/80 
sitting and 80/40 after thirty seconds in the erect 
posture, at which time the patient complained of 


* From the Cardiopulmonary Laboratory, Grasslands Hospital, Valhalla, New York. This report is part of astudy 
of the hemodynamic effects of cardiac glycosides now in progress and currently supported by the Westchester Heart 


Association. 
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TABLE I 


Hemodynamic Measurements in Supine and Tilt Postures before and after Acute Digitalization 


Control After Digitalis 
Measurement 
Supine Tilt Recovery Supine Tilt 
Right atrial pressure 
(mean) (mm. Hg) +2 —2 +2 +2 —2 
Radial artery pressure 
(mean) (mm. Hg) 115/72 (90) 73/46 (51) 113/55 (74) 191/88 (120) 118/67 (85) 
Cardiac output (L./min.) 2.4 2.07 Hes 2.94 2.10 
Cardiac index ({../min./ 
M?) 1.48 1.28 fed 1.81 1.29 
Pulse rate (per min.) 75 78 75 72 72 
Stroke volume (cc.) 32 27 41 29 
Systemic vascular resist- 
ance (mm. Hg/L./min.)| 37.5 24.5 40.8 44.8 
Left ventricular work index 
(kg.M./min./M?) 2.4 1.2 4.9 2.2 
Central blood volume (cc.) 600 604 637 592 
dizziness. There was no dyspnea, orthopnea, followed by dye outputs after three and one-half 


distention of the neck veins, hepatomegaly or edema 
of the ankles. The lungs were clear and the heart 
was not enlarged. Atrial fibrillation was present 
with an apical rate of 90 per minute without pulse 
deficit. There were no murmurs. Both radial pulses 
were difficult to palpate. Brachial and other pulses 
were equal and intact bilaterally. 


METHODs 


A polyethylene catheter was passed via a thin 
walled No. 14 gauge needle in the left median basilic 
vein into the right ventricle monitored by the intra- 
cardiac electrocardiogram as previously described 
in this laboratory.?_ It was then withdrawn into the 
right atrium where it remained throughout the pro- 
cedure. Measurements of arterial pressure were 
made via a No. 19 gauge indwelling needle in the 
right radial artery, using a Statham strain gauge | 
and an electronic recording device.* Cardiac 
output was determined by the dye dilution method. 
The syringes containing the Cardio-Green® dyet 
were weighed before and after injection to determine 
the amount of dye injected. 

After pressure measurements were made in the 
right ventricle and the catheter was withdrawn into 
the right atrium, the procedure progressed as follows: 
Intra-arterial and right atrial pressures were meas- 
ured and immediately followed by recording of 
dye dilution curves. The patient was then tilted 
to 25 degree head-up position and pressures were 
repeated after two and one-half minutes of tilt, 


* Made by Electronics for Medicine, White Plains, 
New York. 

¢ Obtained from Hynson, Westcott & Dunning, Inc., 
Baltimore, Md. 


minutes. Recovery pressures were recorded after 
the patient had rested in the supine position for 
twelve minutes. Monitored by the electrocardio- 
gram, acetyl strophanthidin was then injected 
intravenously at a rate of 0.12 mg. per minute until 
the total dose of 1.2 mg. had been given. This is the 
usual dose and method of administration in studies 
of this kind, and was assumed to be an adequate 
digitalizing dose.* Immediately thereafter, pressures 
and dye outputs were repeated with the patient 
supine. The patient was again tilted to 25 degree 
head-up position for two and one-half minutes. 
Pressures were recorded, followed by dye outputs at 
three and one-half minutes. There was no detectable 
strophanthidin toxicity during or for an hour after 
the procedure. 


RESULTS 


As seen in Table 1, resting pressures were 
within normal limits but there was a reduction 
in cardiac output. Tilt resulted in a sharp 
decrease in radial arterial and right atrial 
pressures, a small decrease in cardiac output and 
a fall in systemic vascular resistance and left 
ventricular work index. Central blood volume 
was unchanged. 

After digitalization, the usual pressor response 
to acetyl strophanthidin was noted.‘ Right 
atrial pressure and systemic vascular resistance 
remained at the recumbent pre-digitalis levels, 
but the cardiac output increased above the 
control level, and left ventricular work index 
doubled. Tilting after digitalis resulted in a 
drop in arterial pressure of similar magnitude 
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(35 mm. compared to 39 mm. Hg mean pres- 
sure drop) to that observed prior to digitaliza- 
tion, although the actual value was considerably 
above the pre-digitalis tilt level. The cardiac 
output fell to the same level as before digitali- 
zation. Systemic vascular resistance did not 
fall when the digitalized patient was tilted. 
Left ventricular work index decreased. There 
was little change in pulse rate throughout the 
procedure. 

A few days after the procedure, the patient 
was digitalized orally. This medication has not 
resulted in any detectable clinical improvement. 


COMMENTS 


The observed aberrations of the normal 
response to assuming the upright posture 
include a loss of reflex arteriolar constriction, a 
fall in cardiac output which aggravates the blood 
pressure drop and inadequate venous return; 
therefore, this case and the subject of postural 
hypotension may be discussed in the light of 
these differences. 

Patterns of Responses in Postural Hypotension: 
Arteriolar vasoconstriction was obviously in- 
adequate to maintain the blood pressure of this 
patient in the erect posture since the 25 degree 
head-up tilt resulted in hypotension and a 
lowered systemic vascular resistance. Hickam 
and Pryor® have described the normal postural 
response as no change in the mean arterial blood 
pressure, a 25 per cent decrease in cardiac 
output and a 33 per cent increase in systemic 
vascular resistance. In studying twelve cases of 
postural hypotension they have observed three 
particular patterns of variation from the normal 
response. In the first instance there was a 
large fall in arterial blood pressure despite the 
presence of a normal decrement in cardiac 
output, suggesting predominance of a defect in 
arteriolar vasoconstriction. Secondly, in some 
patients there was only a slight postural fall in 
blood pressure accompanied by a large fall in 
cardiac output on assuming the erect posture. 
In this situation there was some, but not a 
completely compensatory, rise in systemic 
vascular resistance, suggesting that there was 
less alteration in the normal reflex arteriolar 
constrictor mechanism. The third pattern of 
variation was illustrated by patients with con- 
comitant large falls in blood pressure associated 
with large falls in cardiac output on tilting and 
little change in systemic vascular resistance. 
The third pattern being most common, the 
authors concluded that postural hypotension 
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was primarily dependent on inadequate arteri- 
olar tone and that it was often intensified by 
large drops in cardiac output on standing 
erect. 

Inadequate Arteriolar Resistance: That the 
arterioles are still capable of responding with 
vasoconstriction has been shown in the study 
just described and by others. Acute digitaliza- 
tion of the patient with postural hypotension 
described in the present study prevented the 
drop in systemic vascular resistance with head- 
up tilt, but did not prevent either the fall in 
cardiac output or the decline in arterial pressure. 
Similarly, an infusion of norepinephrine can 
maintain blood pressure in such patients even 
in the erect position® and a preparation of nor- 
epinephrine in oil has been shown to maintain 
blood pressure for an hour.’ The arterioles 
are thus capable of responding to exogenous 
norepinephrine, at least temporarily. The re- 
sponse to endogenous norepinephrine has not 
been clarified, however. Luft’ has observed 
two subjects with postural hypotension who did 
not manifest the normal increase in urinary 
catecholamines after stimulation with intrave- 
nous insulin or histamine, who could excrete in- 
fused norepinephrine normally, but whose daily 
spontaneous catecholamine excretion was low. 
Such patients may have a defect in endogenous 
production of noradrenalin or utilization in 
response to physiologic stimuli. 

Restricted Cardiac Output: In contrast to the 
emphasis given inadequate arteriolar constric- 
tion in the pathogenesis of postural hypotension, 
Weissler’s work® stresses the inability of the 
heart to respond with an augmented cardiac 
output when confronted with a sudden decrease 
in peripheral resistance (tilt or assuming the up- 
right posture). He attributes the restricted 
cardiac output to the limited venous inflow be- 
cause inflation of the antigravity suit resulted in 
rapid reversal of the syncopal reaction without 
change in the peripheral resistance. Although 
these observations were made on normal stu- 
dents in whom abnormal postural responses were 
induced by premedication with sodium nitrite 
followed by tilting to 60 degrees, similar results 
have been reported in patients with postural 
hypotension following an albumin infusion. 
Hickam rapidly infused 1,300 cc. of saline con- 
taining 75 gm. of human serum albumin into 
five subjects. In each case cardiac output and 
mean arterial pressure during tilt were improved 
after the infusion. As Warren® has stated, the 
cardiac output is “‘the servant rather than the 
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director of circulatory activities’ in postural 
hypotension. If adequate venous return is pro- 
vided through normal or artificial means, car- 
diac output can be maintained when peripheral 
resistance suddenly drops.'° 

Similarly, the cardiac output fell in the pa- 
tient described in the present report, probably 
as a result of the decreased venous return during 
tilt. It is clear from clinical observations alone 
that even in the patient with frank congestive 
failure, poor myocardial function per se does not 
result in postural hypotension. Since the im- 
provement in supine cardiac output following 
digitalization did not ameliorate the drop in 
cardiac output during tilt, the finding of a sub- 
normal supine cardiac output in the present 
patient must be regarded as unrelated to the 
etiology of his postural hypotension. 

Venous Return and Effect of Digitalis: Since 
increasing the blood volume by infusion and 
presumably thereby increasing venous return 
corrects the postural hypotension, at least 
temporarily, the behavior of the venous system 
under the influence of tilt and digitalis is 
pertinent. When the normal subject is tilted, 
there is a momentary imbalance between left 
ventricular output and systemic venous return. 
The intrathoracic blood depot, particularly the 
reserve of blood in the lungs, provides ample 
venous return to the left heart and postural 
hypotension is prevented.'' Contrary to what 
one would expect in normal subjects, Page 
et al.” have shown that tilting results in an in- 
crease in central venous pressure and reflex 
generalized venoconstriction. 

In the patient with postural hypotension, 
these mechanisms are faulty during tilt, resulting 
in inadequate compensation from the central 
venous reservoir (a decrease in both pulmonary 
and systemic venous return) with an ensuing 
fall in left heart output, cerebral insufficiency 
and fainting. The central venous pressure falls 
and peripheral venoconstriction is minimal. 
The present patient demonstrated the fall in 
right atrial pressure on tilting. Peripheral 
venomotor response was not measured. One 
may speculate that he could remain erect if he 
continued walking because an auxiliary mecha- 
nism, muscular activity, probably provided 
sufficient pulmonary venous return to prevent 
the fall in cardiac output. 

It is of interest that measurements of central 
blood volume supine and during tilt before and 
after digitalization revealed no change. This 
may indicate that the cardiopulmonary reserve 


of blood was not mobilized in response to pos- 
tural demands despite its availability or, for 
some unknown reason, left and right heart out- 
puts were equally impaired. In either case, 
venous return to the left heart was inadequate. 
It is more likely that whatever small changes 
occurred could not be measured by the Stewart- 
Hamilton method since successive measurements 
of central blood volume even in normal subjects 
may vary by as much as 200 cc." 

Digitalization did not alter the right atrial 
pressure or the cardiac output response to tilt in 
our patient despite its seemingly beneficial 
effect in the supine position. This observation 
is in keeping with the findings of others'*:!® on 
normal hearts or enlarged hearts without failure 
in which there was no significant alteration of 
the venous pressure following digitalization. 
Harvey et al.“ point out, however, that a 
peripheral action of digitalis may be too small to 
be detected or may be obscured by rapid venous 
adjustments, or may not influence central venous 
or right heart filling pressures. On the other 
hand, the experiments of Cotten and Stopp"® 
with dogs demonstrate that ouabain does de- 
crease venous return in a normal dog, and this 
reduction in the amount of blood filling the 
ventricles prevents the measured increased 
myocardial contractility from being translated 
into an increased cardiac output. When the 
venous return was prevented from decreasing by 
transfusion, cardiac output increased in the 
normal animal following digitalization. Thus, 
in this subject with postural hypotension, 
although digitalis probably had a positive 
inotropic effect in the supine position it is 
doubtful whether in the tilted position this in- 
creased myocardial contractility could have 
been converted to an augmented cardiac output 
because of the impaired venous inflow. In the 
supine state, when venous inflow was presum- 
ably adequate, an increase in cardiac output 
was seen after acute digitalization. In the 
present patient, at least, the peripheral effects of 
acetyl strophanthidin overshadowed the cardiac 
effects. 

Rado et al.'’ have alluded to a mechanism 
providing for parallel changes in arterial and 
venous tone, and have demonstrated the co- 
existence of increased arterial and venous tone 
in arterial hypertension, heart failure and shock. 
Postural hypotension further illustrates their 
concept in a negative sense since it presents a 
situation in which there is a parallel deficiency 
in both arteriolar and venomotor tone. 
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SUMMARY 


In a seventy-four year old male patient with 
postural hypotension, measurements of arterial 
pressure, right atrial pressure and cardiac output 
were made in the supine position and during 25 
degrees of head-up tilt before and after acute 
digitalization. On tilting there was a fall in 
arterial pressure, right atrial pressure, cardiac 
output, systemic vascular resistance and left 
ventricular work index. Following digitaliza- 
tion there was no change in right atrial pressure; 
there was a systemic arterial pressor response, an 
improvement in supine cardiac output, a slight 
increase in systemic vascular resistance and 
doubling of left ventricular work index. During 
tilting after digitalization measurements of 
cardiac output and stroke volume were un- 
changed from the measurements before digital- 
ization, but the arterial blood pressure did not 
fall as low, and systemic vascular resistance and 
left ventricular work index were therefore 
higher than pre-digitalis values. 

These findings are discussed in terms of the 
defects in reflex arteriolar and venous con- 
striction and in myocardial function in idio- 
pathic postural hypotension. 
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Sinoatrial Heart Block with Wenckebach 
Phenomenon’ 


RicHArD J. GREENWOOD, M.D., DAvip FINKELSTEIN, M.D., F.A.C.c. and RICHARD MONHEIT, M.D. 


Philadelphia, Pennsylvania 


ARRHYTHMIA to be discussed, sinoatrial 
block with Wenckebach phenom- 
enon, is frequently unnoticed by the subject. 
Its detection and significance may escape the 
physician not alerted for its occurrence. 

Sinoatrial heart block has been known to 
the medical profession since MacKenzie’s de- 
scription in 1902.1. The Wenckebach phenom- 
enon in sinoatrial heart block has appeared 
to be of greater rarity than the simple omission 
of complete heart beats. In 1906 Wenckebach? 
and later, in 1908, Rihl* described such a 
physiologic mechanism quite clearly. These 
were reiterated later by Wenckebach and 
Winterberg.4 The occurrence of the Wencke- 
bach type of block in this arrhythmia is not 
too surprising in view of the frequency with 
which it is noted in other types of cardiac 
conduction disorders. The paucity of reports 
would suggest that this arrhythmia is quite 
rare but this does not appear to represent the 
true incidence of this abnormal rhythm. We 
have seen four cases within a period of only a 
few months, three of them of clinical importance. 

This arrhythmia may be associated with the 
intake of digitalis and probably represents a 
toxic cardiac effect of the drug. The clinical 
similarity to a sinus arrhythmia in spacing and 
rate underlines the need for careful clinical 
and electrocardiographic observation of the 
patient receiving digitalis. The following cases 
demonstrate the diversity of clinical mani- 
festations of the disorder. 


Case REPORTS 


Case 1. An eighty-two year old man was first 
admitted to the hospital in 1957 because of pain on 
motion of the right hip. He had suffered an inferior 
myocardial infarction in 1955. He denied having 
any symptoms of heart failure or angina. General 
examination revealed a well oriented, elderly man. 


There was no venous distention and the examination 
of the chest revealed only fine rales at the right base. 
The blood pressure was 110/70 mm. Hg with a 
regular pulse of 68 beats per minute. The heart 
was not enlarged; there was a grade 2 basal systolic 
murmur. The painful right hip was found to be due 
to hypertrophic arthritis. An _ electrocardiogram 
revealed a sinus rhythm, evidence of old inferior 
myocardial infarction and an intraventricular con- 
duction disturbance. 

He was readmitted to the hospital in September 
1959 because of increasing dyspnea. During the 
preceding two months he had experienced an an- 
terior myocardial infarction; recovery was unevent- 
ful except for moderate congestive heart failure re- 
quiring maintenance doses of digitalis. He had 
stopped taking the digitalis in late August. Al- 
though he had been seen by his doctor and treated 
with a diuretic early on the day of admission, severe 
dyspnea developed upon arrival in the lobby of the 
hospital. He became cyanotic, had a convulsion 
and was in apparent cardiac arrest. Immediate 
blows to the chest followed by a 300 ml. phlebotomy 
and nasal administration of oxygen produced recovery 
from the acute episode. After being transferred to his 
room, intravenous digitalization was initiated. 
Physical examination at this time revealed an irregular 
tachycardia of 120 beats per minute with a blood 
pressure of 110/80 mm. Hg. Respirations were 32 
per minute with bilateral moist rales up to the 
apices. The liver was tender and enlarged and 
scrotal and pretibial edema were noted. He re- 
ceived a total of 1.2 mg. of deslanoside within the 
next three hours. 

The electrocardiogram revealed a variable rhythm 
with sinus beats interrupted by multiple supraven- 
tricular extrasystoles, periods of 2:1 sinoatrial block 
and periods of paroxysmal atrial tachycardia (160 
beats per minute) with a 2:1 block. Further digi- 
talis was withheld. The next morning the patient’s 
congestive failure was worse and digoxin (1 mg. 
over the succeeding twenty-four hours) was admin- 
istered. The electrocardiogram taken the next 
morning revealed occasional supraventricular extra- 
systoles with a sinus rhythm at a rate of 70 beats per 


* From the Graduate Hospital and School of Medicine, University of Pennsylvania, Philadelphia, Pennsylvania. 
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Fic. 1. Case 1. The upper strip of the continuous lead V;R is diagrammed and shows two episodes of 5:4 sinoatrial 
heart block with the Wenckebach phenomenon. The diagram assumes an 0.08 second initial conduction between 
sinoatrial node and atrial muscle. The middle strip shows a single 9:8 response which requires a nearly ten second 
recording for its demonstration. Note that while the P-P and R-R intervals become shorter until a dropped beat 
occurs the P-R interval does not change. In the lower strip lead m1 shows the same mechanism with 6:5 and 5:4 


response. 


minute. The condition of congestive failure seemed tricular coupled extrasystoles and more classic 
improved and a review of the electrocardiograms evidence of digitalis toxicity. 

strongly suggested digitalis toxicity; therefore, no 
further digoxin was given for three days. However, 
it gradually became obvious that diuretics were not 
sufficient to control the failure and administration of 
digoxin was resumed at a dose of 0.25 mg. daily. 
Three days later the tracing shown in Figure 1 was 
obtained. The following day a ventricular bigeminal 
rhythm was observed and administration of digoxin 
was stopped. As before, congestive failure developed 
slowly despite diuretics and after a lapse of five days 
digoxin was again administered at a dose of 0.25 mg. 
daily. Two days later a marked sinus bradycardia 
of 44 beats per minute was observed but long strips 
did not reveal confirmatory evidence for sinoatrial 
heart block. The bradycardia reverted spontaneously 
the next day to a sinus rate of 70 beats per minute 
with only occasional ventricular extrasystoles at a 


Case 2. A seventy-five year old woman had mul- 
tiple hospital admissions since 1933. Initially she 
had no clinical evidence of cardiovascular disease. 
The first electrocardiogram, taken in 1950, revealed a 
sinus tachycardia of 100 beats per minute with mul- 
tiple extrasystoles. In 1952 the patient was given 
digitalis because of mild heart failure, and subsequent 
electrocardiograms in 1954 revealed a rate of 85 beats 
per minute with occasional atrial extrasystoles. In 
1957 she began to experience occasional substernal 
pain which was relieved by nitroglycerin, and noted 
occasional episodes of dizziness. She exhibited signs 
of moderate right heart failure. ‘The electrocardio- 
gram revealed a basic rate of 75 beats per minute 
with multiple episodes of 2:1 sinoatrial heart block. 
Subsequent tracings revealed a bigeminal rhythm, 
similar to parts of Figure 2, suggesting 3:2 sinoatrial 


fixed coupling. 
heart block. ACTH, given intravenously for bursitis 
Summary: This elderly man, who had had in the shoulder, did not affect the electrocardiogram, 
two myocardial infarctions, was admitted with In 1959 she was admitted for syncope, the attack 
severe congestive failure. Immediate treat- having occurred while she was shopping. Examina- 


tion did not reveal any definite cause for the syncope 

and an electroencephalogram was within normal 

‘ ‘ a ‘ ment and slight right heart failure were again noted. 

by the variable sinoatrial heart block illustrated Divitalis d ail ae di 

ratkety.. ; y gram revealed a variable sinoatrial heart block with 

rate of heart beat which may have been due to Wenckebach phenomenon from 4:3 to 2:1 with a 

2:1 sinoatrial block. On each occasion sub- basic rate of 78 beats per minute. 

sequent electrocardiograms revealed fixed ven- She was readmitted in January 1960. She had 


ment reversed an acute episode on admission 
but the patient exhibited marked sensitivity to 
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Fic. 2. Case 2. The first two complexes in lead 1 demonstrate a 3:2 sinoatrial heart block with the Wenckebach 
phenomenon, and the next three complexes a 4:3 response. Other leads are similar except for lead V; where a 2:1 
sinoatrial heart block without Wenckebach phenomenon is suggested in the first three complexes. 


noted mild dyspnea on exertion since her admission 
the year before and had experienced several syncopal 
episodes of brief duration. She was still taking 
digitalis. The examination revealed a febrile woman 
with bilateral rales in the chest and dullness at the 
left base and right midlung field, attributed to 
bronchopneumonia. ‘The blood pressure was 160/80 
mm. Hg. ‘There was no other evidence of congestive 
heart failure. The rate of heart beat was irregular. 
The electrocardiogram taken at this time is illus- 
trated in Figure 2. The bronchopneumonia re- 
sponded to antibiotic therapy and she was discharged. 


Summary: An elderly woman, initially given 
digitalis for congestive heart failure, to which 
she at first responded well, subsequently 
had syncope and the _ electrocardiographic 
picture of sinoatrial heart block. It is of 
interest that ACTH, given for bursitis of the 
shoulder, did not affect the heart block. 


Case 3. Aneighty-four year old man was admitted 
in January 1959 for cataract surgery. He had a 
history of coronary artery disease accompanied 
by angina pectoris, fainting from cerebral anoxia and 
paroxysmal atrial tachycardia. Examination re- 


were interpreted as atrial extrasystoles. 


vealed an elderly man in no distress with a blood 
pressure of 150/80 mm. Hg and a pulse of 45 beats 
per minute. There was moderate cardiac enlarge- 
ment, confirmed by x-ray film of the chest. There 
were bilateral crepitant rales at the lung bases and 
good expansion of the chest. The electrocardiogram 
revealed a rate of 43 beats per minute with what 
The short 
R-R intervals corresponded to a rate of 70 beats per 
minute and there was no alteration of the P wave 
contour between the various beats on observation of 
the short lead strips available. ‘This is more sug- 
gestive of intermittent 2:1 sinoatrial heart block. In 
view of the mild failure and electrocardiographic 
impression of atrial irritability, the patient was 
digitalized preoperatively. A regular rate of 52 
beats per minute developed and he withstood sur- 
gery without difficulty. Postoperatively he experi- 
enced two attacks of precordial pain with syncope. 
No definite diagnosis was made for these, though 
heart block was suggested by one observer. 

He was readmitted in January 1960 for further 
cataract surgery. Examination revealed dilated 
cervical veins, bilateral basal rales in the chest, slight 
cardiac enlargement and a palpably enlarged liver. 
The blood pressure was 220/100 mm. Hg and the 
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Fic. 3. Case 3. The upper strip, lead aVL, shows a 6:5 sinoatrial heart block with the Wenckebach phenomenon. 
The two middle strips are a continuous tracing of lead V, and show one 5:4 and one 7:6 episode, the latter followed by 
nodalrhythm. The lowest strip (V;) shows a 6:5 response preceded and followed by nodal rhythm. 


LEAD TI 
Fic. 4. Case 4. Lead u. This strip shows a more complex rhythm. Beginning with the second beat there is a 
series of five conducted beats, with slightly varying P-R interval, followed by a nodal escape beat. The diagram as- 
sumes an initial 0.08 second conduction time from sinoatrial node to atrial muscle. Assuming a regular sinoatrial 
nodal discharge every 0.51 second, there is a gradual delay in the sequence. The third beat shows a lesser increment of 
delay as the diagram is constructed, but may be the result of sinus arrhythmia. Two sinoatrial nodal impulses are 
blocked allowing time for a nodal escape. Starting with the eighth beat there is a series of four conducted beats show- 
ing a regular increment in sinoatrial-atrial conduction delay, clearly demonstrating sinoatrial heart block with the 
Wenckebach phenomenon. The next beat demonstrates a nodal escape. 


pulse was 50 beats per minute and irregular. That Case 4. A sixty year old woman was admitted in 
evening the patient had a.sudden attack characterized July 1959 for “‘chronic brain syndrome,” complaining 
by pain in the left side of the chest, pallor, coldness, of pain in the right hip due to a fracture. She was 
profuse sweating and, initially, an unobtainable pulse. psychotic and disoriented; therefore, history was ob- 
An electrocardiogram revealed evidence of sinoatrial tained from a relative who stated that the patient 


heart block with the Wenckebach phenomenon (Fig. was a diabetic, was hypertensive and had been blind 
3). Serial electrocardiograms did not reveal any since an unsuccessful operation for the removal of 


change except that the evidence of sinoatrial heart cataract had been performed fourteen months 
block disappeared as the congestive failure was cor- previously. The family had noted progressive men- 
rected with diuretics. The patient maintained a tal deterioration. 

regular pulse of 60 beats per minute and digitalis was Examination revealed a regular heart rate of 80 
withheld. He was discharged without surgery. per minute and a blood pressure of 178/120 mm. Hg. 


X-ray of the chest revealed an increase in the bron- 
Summary: This elderly man with severe chovascular markings and cardiomegaly with left 
syncopal episodes when digitalis was given, but Bes 
felt well on a program of diuretics alone 

and Wenckebach phenomenon. 

Several electrocardiograms have shown sino- Urinary and oe infection occurred and ter: 
atrial heart block with Wenckebach phenom- _minally a staphytococcic, generalized furunculosis 
enon. developed. An autopsy was not granted. 
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Summary: This elderly woman with diabetes 
had a routine electrocardiogram taken which 
showed evidence of sinoatrial block and 
Wenckebach phenomenon. Serious cardiac dis- 
ease was not evident until overwhelming urinary 
and wound infection had developed, which 
proved fatal. 


COMMENTS 


Electrocardiographic Diagnosis: In order to 
demonstrate clearly this arrhythmia it is im- 
portant to observe the cardiac rhythm over a 
period of fifteen to twenty seconds in the 
electrocardiographic lead where the P waves 
are seen best. Several of our cases would not 
have been diagnosed had only the routine 
mountings been observed. 

The most important electrocardiographic 
distinction to be made is between sinoatrial 
heart block with the Wenckebach phenomenon 
and sinus arrhythmia. ‘There is no change in the 
atrial complex, in the P-R interval or in the 
ventricular complex in either rhythm. Slowing 
of the rate of heart beat with expiration and its 
quickening with inspiration are characteristic of 
sinus arrhythmia. Electrocardiographically, this 
may be seen as a gradual lengthening followed 
by a gradual shortening of the P-P interval, 
and, consequently, the R-R interval; thus, 
a bellows or accordian type of record is ob- 
tained. Sinoatrial heart block may be as- 
sociated with sinus arrhythmia but in its usual 
form it is characterized by a regular rhythm 
with the abrupt omission of a complete complex 
which results in a space or pause. The kind 
discussed here, sinoatrial heart block with 
Wenckebach phenomenon, shows a variable 
spacing clearly described by Wenckebach and 
Winterberg* and later by Sir Thomas Lewis.® 

The distinction from sinus arrhythmia is 
indicated by the progressive decrease in the 
P-P interval with no succeeding gradual in- 
crease, but, instead, an abrupt omission of the 
entire heart beat. The failure to show a 
progressive increase, as in sinus arrhythmia, 
and the presence of a pause has led to the 
development of criteria for the electrocardio- 
graphic diagnosis of sinoatrial heart block with 
Wenckebach phenomenon. Winton® has stated 
three criteria: (1) the P-P interval including a 
blocked sinoatrial impulse is shorter than the 
double distance of the P-P interval preceding 
it; (2) the P-P interval after the dropped 
sinoatrial impulse is longer than the interval 
preceding the pause; (3) there is a gradual 


shortening of the P-P interval preceding the 
pause. It is important to re-emphasize that 
there is no change in the P-R interval. Figure 
4 represents an exception to this general rule. 
As we have shown (Fig. 1), there may be a 
long series of beats with the rate becoming 
progressively shorter prior to the dropped beat; 
therefore, the importance of a long recording 
is apparent. 

Experimental Work: Eyster,’ by means of 
mechanical trauma to the area of the sinoatrial 
node, was able to produce periods of sinoatrial 
heart block in animals. He showed recordings 
from the area of the sinoatrial node dem- 
onstrating the formation of electrical impulses 
which were conducted to the atrial muscle with 
a progressively increasing interval of time even 
though the simultaneously recorded electro- 
cardiogram revealed no evidence of this change. 
These tracings were recorded from the exposed 
heart by means of pairs of electrodes placed very 
closely together on the sinoatrial node and 
atrial muscle. Other peripheral recordings 
showed the typically progressive decrease in 
the P-P interval and abrupt pause. 

Eyster’s work was later criticized by Resnik® 
because of the technic employed. He did not 
believe that mechanical damage in and around 
the sinoatrial node was comparable to a 
clinical situation, and he utilized pituitary 
extract injections presumably to increase the 
vagal stimulation as his experimental procedure. 
No electrical records were obtained from the 
area of the sinoatrial node in this experiment 
and the possibility of Wenckebach phenomenon 
was not mentioned. 

More recently, Scherf® injected various solu- 
tions into the sinoatrial node and was able by 
this means to precipitate sinoatrial heart block. 


‘ Severing both vagus nerves in the neck did not 


prevent the appearance of the block. He 
believed that there is reflex inhibition of the 
sinus node centers due to the mechanical 
stimulus and did not consider that the nature of 
the injected substances was important in pro- 
ducing the block. 

Kisch’® has recently demonstrated in dog- 
fish, in an exhausted, dying heart, the ap- 
pearance of combined sinoatrial and _ atrio- 
ventricular heart block. He recorded the 
electrical discharges of the sinoatrial node area 
and observed a progressive lengthening of the 
sinoatrial-atrial muscle interval. In a slightly 
febrile rabbit he discovered that morphine, 
pressure on the larynx and reflexes from the 
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respiratory tract produced sinoatrial heart 
block."! Kisch believes that, as in this unusual 
rabbit, both increase in vagus tone and some 
underlying nodal pathology are involved in 
producing the manifestation of sinoatrial heart 
block. 

There is no experimental evidence deciding 
the question of whether clinically observed 
sinoatrial heart block is the result of structural or 
functional changes. It is worth noting that the 
best demonstrations of sinoatrial block are 
obtained when the atrioventricular nodal pace- 
maker is sufficiently depressed so that it does not 
assume control of the heart. 

Clinical Reports: No attempt has been made 
to summarize the entire literature on sinoatrial 
heart block since the communication by 
Barlow” in 1927 which brought the total 
number of reported cases to fifty-four. In a 
descriptive report Blumberger’ demonstrated 
an unequivocal case of sinoatrial heart block 
with Wenckebach phenomenon in a fifty year 
old man receiving no drugs. He clearly 
described the mechanism of this type of sino- 
atrial heart block. 

DeZarday™ reported two cases of sinus block, 
and in one case he noted a gradual increase in 
the P-P interval up to the time when the dropped 
beat occurred. He believed that this gradual 
increase was a condition necessary to the 
Wenckebach phenomenon. The nature of this 
concept is easily understood when it is rec- 
ognized that there is no electrocardiographic 
deflection at the time of sinoatrial nodal dis- 
charge. The electrocardiogram demonstrates 
the discharge occurring in the atrial and ven- 
tricular muscle and records the repolarization 
in these muscles. However, there is no electro- 
cardiographic indication of impulse formation 
in the sinoatrial or atrioventricular nodes or 
in the Purkinje fibers. With the common 
concept that the P-R interval is accounted for 
wholly by the atrioventricular node delay, 
demonstration of nodal phenomenon in the 
electrocardiogram may be initially suggested. 
Careful consideration will, however, reveal 
that in the individual case, with each peculiar 
pathology, there is no available technic to 
confirm what electrical events transpire during 
isoelectric periods. This is true of the sinoatrial 
node, in which electrical activity is not ob- 
servable clinically and has seldom been recorded 
experimentally. 

Elucidation of the nature of the Wenckebach 
phenomenon in sinoatrial heart block requires 
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the postulation of sinoatrial nodal impulses 
from the spacing of the P waves in the electro- 
cardiogram. Experimental recording has re- 
vealed a progressive increase in conduction time 
from sinoatrial node to atrial muscle, or even 
complete sinoatrial node and atrial muscle 
dissociation, without change in the P wave 
in the peripheral electrocardiogram. The 
nature of the Wenckebach phenomenon in 
sinoatrial heart block requires the increment of 
increase in conduction time of each successively 
delayed impulse to be less than the increase in 
the preceding conduction time. This results in 
the arrival time of the P waves coming closer 
together and a quickening of the heart rate. 
As this is the mechanism of the block, De- 
Zarday’s description’ that the P-P interval 
progressively increases up to the point of the 
dropped beat in sinoatrial heart block with 
Wenckebach phenomenon cannot be accepted. 
Re-examination of his electrocardiograms with 
the assumption of a more rapid rate of sinoatrial 
node discharge permits the above criteria for 
the Wenckebach phenomenon to apply and 
explains his electrocardiograms by postulating 
more than one dropped beat. 

The alternative explanation for the clinically 
observed pauses is the complete failure of 
generation of the sinus node impulse. It 
should be made clear that the coexistence of 
sinus arrhythmia may make delineation of the 
peculiar spacing of sinoatrial heart block with 
Wenckebach phenomenon difficult. Although 
the experimental work cited, when it has 
included direct recordings from the sinoatrial 
node area, has demonstrated sinoatrial nodal 
impulses which were not conducted, the 
clinical possibility of failure of impulse for- 
mation cannot be excluded with certainty in 
the absence of such direct recordings. It 
seems doubtful, however, that the absence of a 
single impulse could account for the preceding 
mathematical acceleration of the cardiac rhythm 
consistently observed in this variation of 
sinoatrial heart block although in the absence 
of Wenckebach phenomenon it is as reasonable 
an explanation as any other. For these reasons, 
then, we do not believe that this mechanism 
applies to our patients. 

Relationship to Drugs: 


In many cases of 
sinoatrial heart block digitalis has been ad- 
ministered. Three of our patients also had 
received this drug. In some of these cases there 
was evidence later of more characteristic 
arrhythmias suggesting that the appearance of 
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sinoatrial heart block with Wenckebach phe- 
nomenon had been an early indication of digitalis 
toxicity. 

The importance of digitalis in producing 
sinoatrial heart block was pointed out many 
years ago by Bishop.’® That it need not do so 
was recently stated by Winton® who noted that 
only four of his eleven patients had received 
digitalis. He noted, however, that all eleven 
patients had heart disease. All of our four 
patients had heart disease. 

Atropine has been observed to abolish the 
arrhythmia in some cases, particularly in 
younger _ patients. The sympathomimetic 
amines have not had much effect in altering 
this arrhythmia. 

The current availability of highly potent 
drugs, many with diffuse and still not fully 
appreciated side reactions, may lead to the 
more frequent observation of more unusual 
electrocardiographic syndromes. ‘Two of our 
patients had received the newer thiazide 
diuretics. These drugs appear to have an effect 
on electrolytes and metabolism apart from their 
action on the renal tubules: Such drugs may 
potentiate the actions of older drugs, like 
digitalis, in unexpected ways, leading to 
unusual toxic manifestations. 


SUMMARY 


Four cases of sinoatrial heart block with the 
Wenckebach phenomenon have been presented. 
All the patients were observed within a period 
of a few months and all but one had received 
digitalis in relation to the heart block. The 
importance of observation of long electro- 
cardiographic tracings in the diagnosis of this 
disorder is emphasized. The possibility of 
sinoatrial heart block with Wenckebach phe- 


nomenon being an early manifestation of digitalis 
toxicity is suggested. 
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Unusual Cardiac Arrhythmias in 


Myocardial Infarction 


A Case with S-A Block, Paroxysmal A-V Nodal Tachycardia 
with Varying 2:1 and 3:1 Block, Dissociation between 


Pacemakers Situated within the Conducting System and 
Premature Beats in A-V Rhythm and A-V Dissociation* 


L. M. Sancuvi, M.R.c.p. (London), p.T.m. & H. (England) 


Jaipur, India 


INOATRIAL BLOCK WITH coronary sinus rhythm 
S is stated to be rare if indeed it exists at all.! 
Clinical reports of dissociation between two 
ectopic pacemakers, both situated within the 
A-V conducting system,?—> and of effects of 
premature beats upon A-V rhythm®~® are few. 
A case of myocardial infarction with a combina- 
tion of these rare arrhythmias with several 
interesting features has, therefore, been con- 
sidered worth recording. 


Case REPORT 


A sixty year old man. was first admitted to the 
hospital on February 2, 1959, when the first electro- 
cardiogram was taken. He had a history of attacks 
of pain over the precordium and left shoulder during 
the last three months. He left the hospital two days 
later against advice and was readmitted on March 2. 
1959. He had not taken any digitalis preparation. 

On examination the pulse was slightly irregular with 
a rate of about 75 beats per minute, the blood pressure 
160/100 mm. Hg, the heart was considerably enlarged 
and there was moderate congestive cardiac failure. 
A series of electrocardiograms were taken during his 
stay in the hospital. They showed paroxysmal A-V 
nodal tachycardia with varying A-V block until 
March 5, escape-capture type of bigeminal rhythm 
from March 5 to 14, and mostly A-V dissociation 
with ventricular capture beats from March 14 until 
the patient was discharged on April 18. ‘Transient 
A-V rhythm was seen spontaneously on April 8 and 
during administration of Bellafolline from April 14 
to 16. 


ELECTROCARDIOGRAMS 


Figure 1. A, taken on February 2, shows a pattern 
of inferior and anteroseptal myocardial infarction; 
elevated P-Q segments in leads u, mt and aVF are 
suggestive of atrial infarction. ‘The atrial rate is 
172 per minute and ventricular rate, 86 per minute. 
The P waves are low positive in lead 1, inverted in 
u, 1 and aVF and upright in aVR, indicating a 
focus low in the atrium near the atrial part of the 
A-V node or in the A-V node. Change in relation of 
the P waves to QRS suggests that the paroxysmal 
tachycardia is associated with 2 : 1 A-V block and 
variable conduction time or that there is A-V 
dissociation. Slowing of the ventricular rate with 


_ increase of block to 3 : 1 or 4: 1 after carotid sinus 


pressure (bottom strip) shows the presence of the 
former. 

B (upper three strips are continuous, bottom strip 
after carotid sinus pressure), taken on March 2, 
shows persistence of the ectopic tachycardia. The 
atrial rate is 162 per minute. The P-P intervals are 
absolutely constant at 0.37 second; the R-R intervals 
vary. Groups of faster beats are separated by longer 
ventricular pauses. The third, ninth, twelfth, 
thirteenth and sixteenth QRS complexes which 
terminate the longer pauses are conducted at a P-R 
interval of 0.34 to 0.36 second. The P-R intervals of 
the second to the sixteenth QRS complexes are 46, 
34, 40, 44, 44, 45, 46, 36, 40, 46, 36, 36, 40, 46 and 34 
(hundredths of a second), respectively, and the R-R 
intervals are 75, 99, 81, 78, 76, 76, 75, 101, 81, 79, 
102, 112, 84, 75 and 100 (hundredths of a second), 
respectively. Thus, within the faster groups of beats 
the P-R interval progressively increases and the R-R 


* From the Department of Cardiology, Sawai Man Singh Hospital and Medical College, Jaipur, India. 


yuLy 1961 147 


hy 
4 
> 
© 
tiles 
as 
A 
ag 


148 


Ty 


4-44-4-4. 


++ 


Fig. 1. 


interval decreases. The increasing P-R interval is 
clearly noted in the increasingly visible blocked P 
waves just preceding the QRS complexes. The last 
R-R interval before the pause is shorter than the 
first one after the pause except when there is 3 : 1 
conduction in the twelfth and thirteenth successive 
beats when the R-R interval is three times the P-P 
interval. All this is characteristic of Wenckebach 
periods of the alternate effective impulses in the lower 


A, taken on February 2, 1959; B, taken on March 2, 1959, 


See text. 


A-V junction, leading to 3 : 1 conduction in the beats 
terminating the long pauses. The bottom strip after 
carotid sinus pressure shows increase in block to 

Figure 2. A, electrocardiograms taken on March 
5 show A-V dissociation with escape-capture bige- 
miny or reciprocal rhythm with first degree A-V 
block. The direction of the P waves is the same (other 
leads not shown here) as in Figure 1A demonstrating 
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Fic, 2. 
See text. 


that the upper pacemaker is located low in the 
atrium or in the A-V node. Its rate is 22 per minute. 
The identical QRS contour of the escape and the 
conducted beat shows that the lower pacemaker is 
situated in the conducting system above the bi- 
furcation of the bundle of His, probably in the lower 
part of the A-V node. 

B (the strips are continuous), taken after an 
intravenous injection of 0.6 mg. atropine, suggests 
that the bigeminy in record A is due to A-V dis- 
sociation with capture beats and not to reciprocal 
rhythm. A change in relation of the P waves to 
the QRS is clearly seen in the fifth cycle in the first 
strip and third cycle in the second strip; there is 
considerable variation in the R-P (0.20 to 0.46 
second) intervals and in the P-R (0.26 to 0.48 
second) intervals of the conducted beats. The change 
in shape and direction of the P waves suggests a 
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A, electrocardiograms taken on March 5, 1959; B, taken after an intravenous injection of atropine. 


wandering pacemaker with intermittent shift of the 
atrial focus, probably to the sinus node. The last 
strip reveals return of the bigeminal rhythm with 
inverted P waves which continue with return to the 
original P-P intervals. 

Figure 3. Electrocardiograms taken on March 14 
when change of rhythm was again noted. There is 
A-V_ dissoc’ation with ventricular captures. A, 
demonstrates inverted P waves in leads u, m and aVF. 
B (the three strips are cuttings from a long tracing 
of lead m), shows that the rate of the lower pace- 
maker is 33 per minute and that of the upper pace- 
maker varies between 22 and 33 with uneven P-P 
intervals varying between 1.80 and 2.60 seconds. 
The R-R intervals between the conducted beat and 
the next nodal escape are shorter than the internodal 
interval due to delay of the conducted impulse below 
the site of the escaping pacemaker. The P-P intervals 
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Fic. 3. Electrocardiograms taken on March 14, 1959. 


A, demonstrates inverted P waves in leads 1, 111 and 


aVF; B, demonstrates rates of pacemakers; C, demonstrates abolition of the ventriculophasic arrhythmia and 


acceleration of rates of pacemakers after administration of atropine. 


which include the conducted QRS are usually shorter 
due to ventriculophasic arrhythmia. At two places 
the P-P interval lengthens to 2.6 seconds and gives 
rise to bigeminy. The P-P interval in the bigeminal 
rhythm in Figure 2A is similar (2.64 seconds). 
C, taken after intravenous injection of 1.2 mg. 
atropine, shows abolition of the ventriculophasic 
arrhythmia and acceleration of the rates of the upper 
and the lower pacemakers to 52 and 56 per minute, 
respectively. A-V dissociation with capture beats is 
still present. There is no change in the direction of 
the P waves as is noted after administration of 
atropine in Figure 2B. 

Figure 4. Spontaneous change of rhythm on 
April 8. The P waves are inverted in leads n, 
m, aVF and V,.-V.6, and upright in 1 and aVR. 
They precede the QRS at a P-R interval of 0.24 
second indicating low atrial or A-V nodal rhythm 
with A-V block. The QRS duration is 0.15 second 
with intrinsicoid deflection after 0.09 second in V; 
and after 0.06 second in Vs. This suggests the 
presence of right bundle branch block with probable 
peri-infarction block. The change of rhythm was 
transient as another tracing the same day again 
revealed A-V dissociation. 

Figure 5. Bellafolline was administered orally in 
doses of three tablets daily from April 12 to 16. 
Strips A to G are cuttings from tracings obtained on 
April 14 to 16. All are of lead m except D which is of 
lead V;. During A-V nodal rhythm, the P waves are 
inverted and precede the QRS complexes by an 


See text. 


interval of 0.20 to 0.22 second. A, the two strips are 
continuous. A-V dissociation is present, with 
shifting rate of both the pacemakers. In a long 
tracing on this occasion the P-P intervals varied 
between 1.32 and 1.68 seconds and R-R intervals 
between 1.48 and 1.60 seconds except at one place, the 
second P and QRS in the lower strip. The first P in 
this strip just precedes the first QRS complex which is 
partly superimposed on the later part of the P. 
The second P occurs after a P-P interval of 0.90 
second. Such a short P-P interval was never seen 
during A-V dissociation, even when the rate was 
considerably accelerated after the administration of 
atropine (Fig. 3C). This is, therefore, a premature 
beat arising from the upper pacemaker. A QRS 
complex follows after 0.22 second at an R-R interval 
of 1.04 seconds. The next P and QRS occur after a 
P-P interval of 1.60 and R-R interval of 1.54 seconds, 
respectively. The premature beat is apparently 
conducted to the ventricles and shifts the timetable of 
both the pacemakers. A-V dissociation continues. 
B, ventricular premature beat (fourth cycle) in A-V 
rhythm interferes with the upper pacemaker, causes 
nodal escape and sets up A-V dissociation. C, A-V 
dissociation with ventricular capture beat simulating 
ventricular premature beat. JD, the two strips are 
continuous. ‘Termination of A-V dissociation by 
interpolated premature beat (seventh cycle in upper 
strip) which sets up A-V rhythm. E and F, inter- 
polated ventricular premature beats in A-V rhythm 
arising from different foci and causing prolongation of 
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the P-R interval of the postextrasystolic beats. G, 
single ventricular premature beat in A-V dissociation 
which does not disturb either pacemaker. 


COMMENTS 


In all the records of this case except the one 
taken after the administration of atropine (Fig. 
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Electrocardiograms taken on April 14 to 16,1959. See text. 


2B) the P waves are inverted in leads n, m 
and aVF, and upright in t and aVR. This 
indicates a focus either in the lower atrium 
near the atrial part of the A-V node or in the 
A-V node.®® The prolonged P-R interval of 
the capture beats in A-V dissociation suggests 
the presence of first degree A-V block. Inverted 


Fic. 4. Spontaneous change in rhythm on April 8, 1959. See text. x, 

4 
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P waves in the conducted beats in Figures 
4 and 5 precede the QRS complexes at a 
P-R interval of 0.20 to 0.24 second. ‘This type 
of rhythm with a P-R interval of 0.12 second 
or more has been considered to represent A-V 
nodal rhythm with A-V block by Langendorf, 
Simon and Katz." It has also been interpreted 
as coronary sinus rhythm,!*°:” the beats origi- 
nating in the extension of the A-V node toward 
the area of the orifice of the coronary sinus 
vein, an area which has a high degree of au- 
tomatism.!* In the present case, even after the 
paroxysmal tachycardia subsided, the direction 
of the P waves remained the same during A-V 
dissociation as well as during A-V rhythm, 
during a period of nearly six weeks of further 
observation. This suggests that the focus for 
atrial activation remained unchanged. The 
lower pacemaker during A-V dissociation was 
probably located in the lower part of the A-V 
node. All this favors the assumption that the 
pacemaker during the paroxysmal tachycardia 
and A-V rhythm and the upper pacemaker 
during the A-V dissociation were situated in 
in the upper part of the A-V node, probably in 
its extension in the coronary sinus region. 
Upper nodal rhythm with P-R longer than 
0.12 second does occur when A-V block is also 
present.? Absolute localization and distinction 
between low atrial, coronary sinus rhythm and 
upper nodal rhythm is not possible to obtain 
with certainty.’ 

The records also favor the assumption that 
there was probably complete sinus block with 
shift of the pacemaker to the A-V node. The 
possibility of permanent suppression of sinus 
activity by retrograde discharge by the nodal 
impulses seems unlikely. A regular normal 
sinus rhythm was never noted in this case and, 
therefore, the normal sinus contour of the P 
wave or the normal P-R interval could not be 
established. Positive P waves suggestive of 
sinus activity were observed transiently on only 
one occasion, in the record taken after adminis- 
tration of atropine (Fig. 2B) which shows A-V 
dissociation. This record shows wandering of 
the pacemaker with some P waves inverted and 
others positive. It is conceivable that atropine 
relieves the sinus block and allows the sinus 
pacemaker to activate the atria. It is also con- 
ceivable that the impulse may originate in the 
A-V node and yet be represented by a positive 
although abnormal P wave, an idea defended 
by Scherf and Shookhoff'* many years ago and 
confirmed by recent experimental work. After 


complete elimination of the S-A node in ani- 
mals, when the A-V node became the sole 
active pacemaker governing the heart, positive 
P waves in leads nu, m and aVF have been 
found.}5 

Besoain-Santander and co-workers'* described 
concealed conduction and variable penetration 
of the ineffective impulses, the presence of 
two zones of impedance in the junctional tis- 
sues and Wenckebach periods of alternate ef- 
fective impulses in the lower A-V junction in 
atrial flutter. The arrhythmia in Figure 1 illus- 
trates all these features and is thus analogous. 
The 3:1 odd conduction ratio in the presence of 
Wenckebach periods of alternate effective im- 
pulses is most unusual. The baseline between 
the P waves is, however, isoelectric and the 
atrial rate, the varying degree of A-V block, 
the increase in the block after carotid sinus pres- 
sure and the persistence of the tachycardia for 
several weeks are findings similar to those de- 
scribed in the ‘hybrid’ arrhythmia of paroxys- 
mal atrial tachycardia with block.” A-V nodal 
tachycardia with concealed conduction, Wencke- 
bach phenomenon and irregular beating of the 
atria and the ventricles has been described® but 
the combination of the various features in this 
case is unique. 

Figure 2A shows a bigeminal rhythm with 
inverted P waves sandwiched between two QRS 
complexes of identical contour and an R-P 
interval of 0.50 second. This is suggestive of 
reciprocal rhythm with A-V block. Figure 
2B, taken soon after 2A and following an 
injection of atropine, shows A-V dissociation. 
Again, Figure 3B shows occurrence of similar 
bigeminy during A-V dissociation. Further- 
more, during A-V nodal rhythm in Figure 4 
the P waves precede the QRS complexes by an 


‘interval of 0.24 second. There is, therefore, 


little doubt that the bigeminy represents A-V 
dissociation with escape-capture sequence. Es- 
cape-capture bigeminy associated with com- 
plete sinus block does not seem to have been 
reported previously although a few instances 
associated with 2:1 or 3:1 S-A block have 
been 

S-A Block and Interference Dissociation: Miller 
and Sharrett” described the theoretic possibili- 
ties concerning the foci between which inter- 
ference dissociation could occur, including 
dissociation between two pacemakers situated 
within the A-V junction. Records in Figures 
2 and 3 illustrate this latter type of dissociation. 
It has been produced experimentally and the 
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possibility of such an arrhythmia occurring in 
specific cardiac tissue has been considered.* 
Only five cases of this arrhythmia have, how- 
ever, been reported.?—* The rates of the upper 
pacemaker in the reported cases have varied 
between 44 and 86 per minute and are, there- 
fore, slow in comparison to the rate in non- 
paroxysmal A-V nodal tachycardia.24 The 
arrhythmia in two cases?’> was due to enhance- 
ment of activity of the A-V centers by digitalis 
intoxication. In cases with slower rates the 
arrhythmia is believed to represent marked 
depression of the sinus node as a result of true 
sinus depression or some degree of S-A block.® 
In the present case digitalis was not admin- 
istered. The rate of 22 of the upper pacemaker 
in Figure 2A is very slow and the lowest so far 
reported. Sinus bradycardia with a rate of as 
low as 24 has been reported to occur as a result 
of ischemic changes or occlusion of the artery 
supplying the S-A node.” In order to 
obtain rhythms with bradycardia Scherf?’ 
had to damage the sinus node and depress the 
A-V node as well. A-V rhythm with a slow 
rate may result if the sinus node has ceased to 
function or is so slow that the A-V centers are 
able to escape; ‘this form is seen in complete 
sinus block or when a pathologic process in the 
area of the sinus node has depressed it ab- 
normally, the most common cause being 
occlusion’ of the artery supplying the sinus 
node.! It has been stated that this form of 
coronary sinus rhythm is rare if, indeed, 
it exists at all.1 In the present case in the 
presence of extensive myocardial infarction 
and other disturbances of conduction the S-A 
block is probably due to a pathologic process 
in the area of the sinus node. Marked depres- 
sion of the junctional tissues due to vagus tone 
is demonstrated by the acceleration of both the 
pacemakers after administration of atropine. 
Figures 4 and 5 in the present case may be 
interpreted to represent this rare type of slow 
coronary sinus rhythm.' Figure 3, which shows 
abolition of ventriculophasic sinus arrhythmia 
by atropine, supports the view that the vagus 
tone is a factor in producing this irregularity.?*—° 

Premature Beats in A-V Nodal Rhythm: Oc- 
currence of nodal rhythm attributed to in- 
creased irritability of the A-V node*® and of A-V 
nodal extrasystoles*! after administration of 
atropine has been reported in cases of sinus 
bradycardia. There are few clinical reports 
describing the effect of premature beats on 
A-V rhythm.*-® Experimentally, Rothberger 
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and Winterberg® and Lewis, White and 
Meakins®* investigated this problem and the 
conditions prevailing in extrasystolic arrhythmia 
in A-V rhythm were further clarified by the 
work of Scherf and Shookhoff.*4 Figure 5 
illustrates occurrence of A-V nodal rhythm and 
of premature beats, many of them interpolated, 
during administration of Bellafolline. It also 
illustrates disturbances of impulse formation and 
impulse conduction in A-V rhythm and in A-V 
dissociation caused by concealed conduction***® 
and variable penetration of the junctional 
tissues by the premature beats. Ventricular 
premature beats cause change from A-V rhythm 
to A-V dissociation and vice versa (strips B and 
D). Strip A is of interest in that the premature 
beat arises in the upper A-V nodal pacemaker 
during A-V dissociation and that it shifts the 
timetable of both the pacemakers; A-V 
dissociation then continues. Another interesting 
feature in this record is the occurrence of 
interpolated ventricular premature beats during 
A-V nodal rhythm. The beats cause pro- 
longation of the P-R interval of the post- 
extrasystolic A-V beats. The prolongation was 
related to the ratio between the coupling of the 
premature beat to the preceding QRS complex 
and the R-P interval between the premature 
beat and the next P wave. 


SUMMARY 


A patient with myocardial infarction is 
reported whose electrocardiograms revealed the 
following: (1) S-A block with shift of the 
pacemaker to the upper part of the A-V node, 
probably in the coronary sinus area; (2) A-V 
nodal tachycardia with varying 2:1 and 
3 :1 A-V block and Wenckebach periods of alter- 
nate effective impulses; (3) escape-capture bige- 
miny; (4) dissociation between two pacemakers, 
both located in the A-V node; and (5) disturb- 
ances caused by premature beats, including in- 
terpolated ones, in A-V rhythm and A-V 
dissociation. 
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Diagnostic Shelf 


Pulmonic Insufhiciency Versus Aortic 
Insufficiency in a Patient with 
Mitral Stenosis’ 


Apo A. LuISsADA, M.D., F.A.c.c. and JAN SZATKOWSKI, M.D 


Chicago, Illinois 


HE PATIENT was a thirty-eight year old white 

man who, at the age of thirteen years, 
had had an episode of rheumatic fever ac- 
companied by polyarthritis which left a “‘heart 
murmur.” 

History: The patient was asymptomatic 
until the age of twenty-eight, when he started 
suffering from exertional dyspnea, occasional 
palpitation and easy fatigability. Within four 
years he became almost completely invalided 
and presented the clinical picture of cardiac 
failure. He was then hospitalized (1954) 
and underwent mitral commissurotomy. Following 
this the patient had numerous episodes of 
‘‘pneumonia” and pulmonary infarctions and 
his condition continued to become progressively 
worse. He was hospitalized on a few occasions 
and was treated with digitalis, diuretics, 
antibiotics and low salt diet. 

Physical Examination: The patient was mod- 
erately cyanotic and dyspneic, sitting in a semi- 
recumbent position. The jugular veins were 
distended and pulsating. The pulse was 
72 per minute, regular; respirations were 
36 and blood pressure was 120/70 mm. Hg. 
There was dullness and absence of fremitus at 
the right base and fine crepitant rales above the 
area of dullness. 

The maximal apical impulse was palpated 
in the sixth intercostal space at the anterior 
axillary line. There was a prominent forward 
thrust at the epigastrium and the whole pre- 
cordial area was shaken by a heaving pulsation. 
There were no thrills. Auscultation revealed a 
grade 2 diastolic rumble at the apex preceded 


by an opening snap. The first sound was 
loud and snapping at the apex. There was a 
grade 2 systolic murmur, followed by a very 
loud (grade 5), rumbling and prolonged early- 
diastolic murmur in the second and third left 
interspaces, well transmitted across the sternum 
toward the fourth and fifth right interspaces, 
poorly along the left sternal line and not at all 
toward the aortic area or the apex. This 
murmur was not increased by inspiration. 
There was a grade 2, harsh systolic murmur 
over the aortic area followed by a weak second 
sound. 

There was evident venous collateral cir- 
culation on the abdominal wall. The lower 
margin of the liver was palpable 5 finger- 
breadths below the right costal border. There 
was a shifting dullness, suggesting ascites. 
The femoral and pedal pulses were weak and 
there was marked pedal edema. 

The clinical diagnosis was mitral stenosis and 
possible insufficiency; pulmonary hypertension; 
pulmonic insufficiency (Graham Steell mur- 
mur?). 

Laboratory Studies: Blood culture on repeated 
occasions was negative. Radioactive iodine 
thyroid tracer study was within the normal 
range. Hemoglobin was 12.2 gm.; blood urea 


nitrogen was 29 mg.; creatinine, 1 mg.;_ bili- 
rubin, total: 3.1 mg. per cent; direct: 0.95 
mg. per cent; cholesterol, 174 mg. per cent. 
Serum enzymes were within normal limits. 
Urinalysis showed a trace of protein, a few red 
blood cells and granular casts in the sediment. 

There was severe right 


Electrocardiogram: 


* From the Chicago Medical School, Division of Cardiology, Chicago, Illinois. 
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Fic. 1. Phonocardiogram in the second left interspace. 


Luisada and Szatkowski 
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The large diastolic 


| 
. 


murmur (DDd) was attributed to pulmonic insufficiency. 


Fic. 2. Pullback of the catheter from pulmonary artery (PA) to right ventricle 


(RV). 


(X) marks the crossing of the valve. 


The diastolic pressure of the 


artery (100/31 mm. Hg) is very low when compared to that of the ventricle 
(104/19), confirming pulmonic insufficiency. 


axis shift (+115°); atrial fibrillation with 
slow ventricular response; depressed S-T in 
leads un, m, aVF and V2 to V,; elevated S-T in 
aVR, aVL and V;. A QR complex was present 
in V, and a qgRS complex in V, (right bundle 
branch block pattern). 

Phonocardiogram and Pulse Tracings: Apex. 
There was an opening snap 0.08 second after 
the aortic component of the second sound, 
followed by a diastolic rumble. The Q-1 inter- 
val measured 0.08 second. Third left interspace. 
A large series of vibrations were seen in dia- 
stole, starting with the second sound, first in- 
creasing, then decreasing and lasting until the 
next first sound. Similar tracings were recorded 
at the first and third left interspace (Fig. 1). 
Aortic area. A minimal systolic murmur, mini- 
mal early diastolic murmur and a weak second 
sound were noted. Hepatogram and jugular trac- 


ings. There was a normal pattern, except for 
lack of the a wave; there was no evidence of 


tricuspid insufficiency. 


X-ray Examination: Extreme enlargement of 
the cardiac shadow was noted, chiefly of the left 
atrium and the right ventricle. The left ven- 
tricle was less markedly enlarged than the other 
chambers. There was a severely enlarged pul- 
monary artery. A calcified mitral valve was 
visible. Kerley lines were present in both lower 
lung fields. Fluoroscopy revealed a “‘hilar dance” 
and large pulsations of the main pulmonary ar- 
tery; the pulsations of the aortic knob were small. 

Right Heart Catheterization: (October 29, 1958; 
Illinois Research Hospital). No evidence of 
left to right shunt was found. Systemic 
arterial oxygen saturation was 85.2 per cent; 
right atrial mean pressure was 15 mm. Hg; right 
ventricular pressure, 94/15; pulmonary artery 
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Fic. 3. Intracardiac phonocardiogram from pulmonary artery (above); pres- 
sure pulse of the artery (center); electrocardiogram (below). The large diastolic 
murmur within the artery (DDd) is caused by pulmonic insufficiency. The 
collapse of the pulse is rapid, there is no appreciable dicrotic wave and there 
are multiple vibrations in the diastolic section of the pulse curve. 


pressure’ 94/28 (mean, 52), pulmonary wedge 
pressure, 32 mm. Hg; cardiac index, 1.5. 

Right Heart Catheterization: (April 8, 1960; 
Mount Sinai Hospital). There was no evidence 
of left to right shunt. Arterial blood oxygen 
saturation was 82.5 per cent. Mean right 
atrial pressure was 20 mm. Hg. There was 
severe right ventricular and pulmonary hyper- 
tension with right ventricular pressure of 104/19 
and pulmonary artery pressure of 100/31 
(mean, 66). The low diastolic gradient be- 
tween the pulmonary artery and right ventricle 
was interpreted as evidence of pulmonic 
insufficiency (Fig. 2). The wedge pressure 
tracing was not reliable. Intracardiac phono- 
cardiography revealed a large diastolic murmur 
within the pulmonary artery (Fig. 3). 

Course: Upon admission to the Mount Sinai 
Hospital, the patient was given Aldactone and 
chlorothiazide. The response in sodium excre- 
tion was satisfactory but the urinary output did 
not increase to any significant degree. The 
digitalis and antibiotic therapy was continued. 
Thoracentesis and paracentesis were performed 
in order to give the patient some symptomatic 
relief from the extreme dyspnea at rest. How- 
ever, the patient’s condition continued to 
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deteriorate rapidly and he died on May 19, 
1960. 

Autopsy Findings (Dr. Krainer): The heart was 
huge and weighed 600 gm. The apex was 
formed by the right ventricle. The pericardial 
sac was obliterated by widespread adhesions. 
The tricuspid valve was dilated (120 mm. 
circumference). The right ventricle was dilated 
and hypertrophied (11 mm. thick). The 
pulmonic valve was delicate and of normal 
appearance. The pulmonic ring measured 85 
mm. (normal, 71 mm.; average for a 600 gm. 
heart, 82 mm.). The left atrium was enor- 
mously dilated. The mitral valve was extremely 
stenotic and had fibrotic and calcified leaflets 
reducing the opening to less than 1 cm.? A 
brown line corresponded to the surgical frac- 
ture. The left ventricle was slightly dilated; 
its wall was not hypertrophied (10 mm. thick). 
The aortic valve showed some cusp fusion at the 
commissures with thickening, retraction and 
calcification. Its ring measured 55 mm. 
The pulmonary arteries showed severe athero- 
sclerotic thickening with multiple plaques. 
The liver weighed 650 gm. and had an increased 
consistency. 

Conclusion: Findings were: severe mitral 
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stenosis with slight insufficiency; slight calcific 
aortic stenosis with possible minimal insuf- 
ficiency; adhesive pericarditis; severe athero- 
sclerosis of pulmonary arteries. 


COMMENTS 


The clinical picture of this case clearly 
revealed that there still was severe mitral 
stenosis, in spite of the previous commissurotomy. 
It was impossible to decide whether this was 
due to restenosis or incomplete commissurotomy. 

The extreme pulmonary hypertension was 
attributed to both mitral stenosis and arterio- 
sclerosis of the pulmonary arterioles, confirmed 
by autopsy. 

The extremely loud and rumbling diastolic 
murmur over the second and third left inter- 
spaces resembled that of a patent ductus. The 
loudness and roughness of this murmur; its 
transmission toward the lower right precordium ; 
the lack of a similar murmur over the second 
right interspace; the fluoroscopic evidence of 
“hilar dance” while there was a small, poorly 
pulsating aortic knob and there was no increase of 
the systemic pulse pressure, led to the diagnosis of 
pulmonic insufficiency. This was confirmed by 
right heart catheterization. In addition to 
severe right ventricular and pulmonary hyper- 
tension, catheterization revealed right ven- 
tricular failure. It also showed a large pulmonic 
pulse pressure and a low pulmonic diastolic 
pressure, so that although systolic pulmonic 
pressure was 100 mm Hg, diastolic pulmonic 
pressure was 31 mm. Hg, only 12 mm. above 
the diastolic pressure of the left ventricle. The 
recording of the diastolic murmur within the 
pulmonary artery further confirmed the in- 
terpretation. 

The downhill course of the patient advised 
against left heart catheterization and a new 
surgical commissurotomy. 

Pulmonic insufficiency can be of one of the follow- 


ing types: (1) congenital (rare); (2) rheu- 
matic (extremely rare); (3) bacterial (rare); 
or (4) that due to pulmonary hypertension 
with dilatation of the valvular ring (a well- 
known form is that causing the Graham Steell 
murmur, even though this is usually soft, faint, 
and variable). (5) It may be due to fibrosis of 
the pulmonic leaflets as a result of long lasting 
pulmonic hypertension (a similar explanation 
was given by Luisada and Wolff for the diastolic 
murmur of their three cases,'! although un- 
fortunately without autopsy evidence). The 
present case was interpreted as having a 
pulmonic insufficiency of type (4) or (5), and 
catheterization confirmed it. 

Postmortem examination revealed a moderate 
aortic stenosis which had escaped clinical 
detection, possibly with a minimal aortic insuffi- 
ciency; a severe mitral stenosis; arteriosclerosis 
of the pulmonary arterioles; and a minimally 
dilated pulmonic ostium with delicate leaflets. 
It is unfortunate that no attempt was made to 
submit the pulmonary artery to a pressure of 
100 mm. Hg and to measure the ostium in 
such a state. 

In view of the catheterization data, the 
character and loudness of the murmur, the 
x-ray data and the lack of increase in pulse 
pressure in the systemic circulation, the final 
conclusion was that the murmur was pro- 
duced by pulmonic insufficiency, relative in 
type and caused by pulmonary hypertension. 
Whether the murmur should or should not be 
called a Graham Steell murmur is a purely 
semantic problem. However, in view of the 
peculiar characteristics of this murmur, we 
would prefer not to use this term. 
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Book Reviews 


Electron Microscopy of Cardiovascular Sys- 
tem, by Bruno Kisch, translated from German 
by Arnold I. Kisch. Charles C Thomas, 
Springfield, 1960, pp. 180, $7.50. 


When a new monograph appears, written by 
an author who has distinguished himself by 
zealous explorations in many fields, one expects 
the very best. One is not disappointed in 
this latest monograph excellently translated 
from the German. The present treatise con- 
tains some new material made available through 
steady improvements in the still difficult appli- 
cation of electron microscopy to the circulatory 
system. Therefore, as the author points out, 
‘this volume does not pretend to be a definitive 
monograph on a well defined subject” but 
rather “a summarizing presentation of work 
done to date.” 

The book follows the German text which it 
was the privilege of the present writer to review 
favorably (Circulation Res., 5: 693, 1957). It 
deals basically with the ultramicroscopic struc- 
ture of cardiac muscle fibers, cardiac nerve 
terminals and capillaries. The volume should 
be usefu] to physiologists and cardiologists 
interested in correlating various aspects of 
cardiac function with ultra-architecture. 

The author of the monograph is aware of the 
danger of drawing functional inferences from 
static pictures of electron micrographs; hence, 
one will expect some difference of opinion in 
thisarea. For example, some will wish for more 
chemical and metabolic evidence that the tre- 
mendous capacity of the heart for sustained 
work is solely determined by the number and 
types of sarcomeres present. Also, if so-called 
“‘axon reflex effects’ are indeed operative in 
the heart—of which the reviewer is not con- 
vinced—it appears that more distant fibers 
must be excited by transaxonal stimulation of 
adjacent nerve filaments rather than by re- 
current impulses at bifurcations which do not 
exist. However, electron microscopic studies 
must be extended to epidermal structures 
before the classical concept of axon reflexes can 
be regarded as invalid for the entire body. 
Furthermore, one wonders whether the ob- 
served proximity of many nerve filaments to 
capillaries is sufficient evidence for the con- 
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clusion that ischemic pain results from their 
stimulation by substances conveyed by the 
blood stream rather than by products of 
metabolism, for which there is also considerable 
evidence. 

None of these quibbles over interpretation 
detracts from the basic intent of the mono- 
graph, which is to supply the ultra-architecture 
underlying functions that must be finally 
established by other means. This English 
edition with its clear descriptions and superb 
illustrations should serve to simulate further 
interest in the application of electron micros- 
copy to the cardiovascular system in health 
and disease. 

Cart J. WIGGERS, M.D., SC.D., F.A.C.C. 


Missbildungen des menschlichen Herzens- 
Entwicklungsgeschichte und Pathologie, by 
H. Barthel. Georg Thieme Verlag, Stuttgart, 
1960, pp. 240, DM 188, $44.75. 


The ever increasing importance of congenital 
malformations of the heart makes the appear- 
ance of this book on the normal and pathologic 
embryology of the heart most welcome. The 
combination of a lucidly and comprehensively 
written text, amply supplied with 215 excellent 
illustrations and a superb printing job, makes 
Barthel’s book required reading for cardiolo- 
gists, cardiac roentgenologists and cardiac sur- 
geons. 

The predominantly diagrammatic approach 
to the normal development of the heart is 
particularly convenient to the nonanatomist and 
nonembryologist who merely wants to learn of 
the predominant present day concepts and the 
facts, as known, without getting tco deeply in- 
volved with the prevalent controversies. The 
pathologic embryology of cardiovascular mal- 
formations is presented in a masterly fashion. 
The abundant use of colored illustrations makes 
for an easy identification and classification of all 
the known congenital malformations. Dis- 
cussions are concise but adequate and the bibli- 
ography provided is extensive. The superb 
quality of Miss I. Schamburg’s illustrations have 
greatly contributed to the success of the book. 
It is highly recommended. 

ARTHUR GRISHMAN, M.D. 
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160 Book Reviews 


Grundriss und Atlas der Elektrokardio- 
graphie, 3rd ed., by Rudolf Zuckermann. 
Georg Thieme Verlag, Leipzig, 1959, pp. 660, 
DM 72.15. 


Zuckermann’s book contains two independent 
sections: a synopsis of basic electrocardiographic 
patterns and an atlas of normal and abnormal 
electrocardiograms. ‘The text in this, the third 
edition, has been enlarged and electrocardio- 
grams are also described from a vectorial point 
of view. Numerous new electrocardiograms 
have been added to the atlas, along with x-ray 
pictures, phonocardiograms, pulse and pressure 
tracings and autopsy findings. 

The plan of the text is conventional. There 
is material on the spread of the stimulus through 
heart muscle, bipolar and unipolar lead systems, 
and basic vectorcardiographic patterns. Chap- 
ters on the normal electrocardiogram, ventric- 
ular hypertrophy, bundle branch block, myo- 
cardial infarction, pericarditis, cor pulmonale 
and congenital heart disease follow. ‘There is 
also a section on the arrhythmias. 

Zuckermann describes the following interest- 
ing electrocardiographic classification of con- 
genital cardiac lesions: 


I. Pure right strain—enlargement of the right 
atrium and right ventricle: 


Tetralogy of Fallot 

Pulmonary stenosis 

Complete transposition of the pulmonary veins 
Right to left ductus 

Mitral and aortic atresia 

Taussig-Bing complex 

Aortic isthmus stenosis or atresia, with a distal 
right to left ductus 


II. Predominant right strain—enlargement of 
both atria and of the right ventricle. The enlarge- 
ment of the left atrium is not always observable: 


Transposition of the great vessels 

Atrial septal defect 

Lutembacher syndrome 

Pentalogy of Fallot 

Common ventricle 

Congenital mitral stenosis 

Aortic isthmus stenosis with atrial or ventricular 
septal defect, or proximal left to right ductus 


III. Bilateral strain—bilateral ventricular en- 
largement with right, left, or bilateral atrial enlarge- 
ment: 


1. Ventricular septal defect 
2. Eisenmenger complex 


3. Left to right ductus with pulmonary hyper- 
tension. 

Trilogy of Fallot 

Aortic-pulmonary fistula 

Truncus arteriosus 

Pulmonary stenosis with ventricular septal 
defect 


IV. Predominant left strain—enlargement of the 
left ventricle with right or bilateral atrial enlarge- 
ment: 


1. ‘Tricuspid atresia 
2. Common ventricle 


V. Pure left strain—enlargement of the left 
ventricle and left atrium: 


1. Left to right ductus without pulmonary 
hypertension 

2. Aortic isthmus stenosis 

3. Aortic and subaortic stenosis 

VI. Normal electrocardiogram—the defect is 


associated either with a normal electrocardiogram, 
or electrocardiographic changes occur in a late 
stage: 

1. Left to right ductus 

2. Aortic isthmus stenosis 

3. Morbus Roger 

4. Arteriovenous coronary fistula 


VII. Special electrocardiographic patterns—the 
defect can often be suspected from the electrocardio- 
gram: 


1. Mirror image dextrocardia 


2. Dextroversion 
3. Pulmonary origin of the left coronary 
artery 


4. Tricuspid atresia 

5. High ventricular septal defect 

6. Atrial septal defect 

7. Transposition of the pulmonary veins 
8. Common ventricle 

9. Ebstein anomaly 

10. Aortic stenosis 

11. Common atrioventricular canal 

12. ‘Transposition of the great vessels 


The atlas covers a wide range of normal and 
abnormal electrocardiographic patterns and 
contains, as well, an interesting collection of 
electrocardiograms of various animals. It is 
not integrated with the first half of the book and 
each case is described separately. 

The first part of the book, for the most part, 
is brief and adequate. The atlas portion is 
excellent. The book is printed on good, coated 
paper and will prove of value to those with a 
reading knowledge of German. 

EMANUEL GOLDBERGER, M.D. 


THE AMERICAN JOURNAL OF CARDIOLOGY 


ah 
Fas 
te 
| 
~ 
fan 
4 
3 


Book Reviews 161 


Diseases of the Newborn, by Alexander J. 
Schaffer. Section on Neonatal Cardiology by 
Milton Markowitz. W. B. Saunders Co., 
Philadelphia, 1960, pp. 878. 


This comprehensive text on clinical neona- 
tology may be considered as actually two distinct 
volumes, the excellent section on neonatal 
cardiovascular abnormalities by Dr. Milton 
Markowitz constituting a monograph in itself. 

The fifteen sections covering individual sys- 
tems are broken down into chapters, each 
dealing with a specific abnormality or disease 
process. Each one is so comprehensive and 
complete, within the scope of this book, that it 
constitutes an excellent review and is liberally 
illustrated with photographs, case histories and 
multiple recent references. The format is one 
of uniform simplicity and the author concisely 
discusses each condition from the standpoint of 
incidence, etiology, pathogenesis, diagnosis, 
prognosis and treatment. The section on 
the cardiovascular system deviates from this 
format only slightly in that each specific lesion 
does not enjoy its own chapter but rather is 
conveniently divided into congenital heart 
disease, myocarditis, arrhythmias and miscel- 
laneous conditions with a separate chapter on 
treatment. 

Although the book is primarily intended for 
pediatricians, general practitioners and ob- 
stetricians, it might well be recommended 
for any specialist who may have occasion to 
treat the newborn infant. 

RAPHAEL N. PAUuL, M.D. 


Central Nervous System Control of Circula- 
tion. Physiological Reviews, Supplement No. 
4. American Physiological Society, Washing- 
ton, D. C., 1960, pp. 298. 


This supplement consists of the proceedings 
on the central nervous system control of the 
circulation sponsored by the Division of Medi- 
cal Sciences of the National Research Council, 
held in Washington, D. C., in November, 
1959. 

A distinguished international panel contrib- 
utes its views on the complex relationships 
between the central nervous system and the 
cardiovascular system. The subject is ex- 
plored in detail, including: neural mechanisms 
of cardiac control during exertion (Rushmer) ; 
central control of renal circulation (Pappen- 
heimer); influence of central nervous system on 
veins (Burch); sympathetic control of vessels 
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in the hand (Barcroft); role of hypothalamic 
structures in cardiac control (Smith); circula- 
tory effects of cortical stimulation (Delgado) ; 
central control of cardiac function (Schaefer) 
and several other related topics. Discussions 
in depth concerning the papers presented add 
appreciably to the knowledge and perspective 
imparted by this volume. 

Inasmuch as this was a conference partici- 
pated in by outstanding investigators in neuro- 
physiology and in cardiovascular physiology, 
discussions are on the highest level. There is 
no question that as a compendium of current 
knowledge in this complex and important 
area, this volume should be an invaluable 
reference source. The average, clinically ori- 
ented cardiologist will probably find this sym- 
posium somewhat too sophisticated for his 
wants with its assumption of a considerable 
background in neuroanatomy and _neuro- 
physiology; nor will his task be made easier by 
the paucity of concise, comprehensive sum- 
maries of the various chapters. 

Active investigators or those interested in the 
field should derive great use and stimulation 
from this volume. The National Research 
Council and the American Physiological So- 
ciety are to be commended for organizing and 
presenting to the profession the work and cur- 
rent thoughts of these experts. 

A. KUHN, M.D. 


Cinefiuorography, edited by G. H. S. Ramsey, 
J. S. Watson, Jr., T. A. Tristan, S. Weinberg 
and W. S. Cornwall. Charles C Thomas, 
Springfield, 1960, pp. 266, $11.75. 


The Proceedings of the First Annual Sym- 
posium on Cinefluorography provides the 
reader with an excellent appraisal of the 
present technical status and medical usefulness 
of cinefluorography. Although many of the 
chapters are of a highly technical nature, they, 
as well as the more medically directed ones, 
give a clear insight into the present and future 
status of this relatively new technic. Little 
doubt can be left after having read it that 
cinefluorography is one of the major contri- 
butions to radiographic technics and, therefore, 
to the future development of diagnostic radiog- 
raphy. The book should be of great interest 
to the cardiologist and radiologist alike. It is 
well edited, most informative, and the printing 
and reproductions are of excellent quality. 

ARTHUR GRISHMAN, M.D. 
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College News 


PRESIDENT’S COLUMN 


The Identification of Excellence 


flies AMERICAN COLLEGE of Cardiology has 
enjoyed a remarkable growth and when 
one attempts to analyze this success certain 
significant ideas and landmarks can be identi- 
fied. Among these have been the American 
Journal of Cardiology, the Fireside Conferences, 
the Workshops and the Annual Meeting. 
The final reason for the success of the College 
has been the simple fact that there was a need 
for such a College ...a gathering point for 
men and women sharing the same professional 
enthusiasm ...an organization of physicians 
and for physicians . . . whose function would be 
that of offering an identification of excellence and a 
stimulus toward excellence. And as must be true 
for a College, those entering must answer to 
a standard of preparation. As a College, 
levels for advancement must be identified and 
finally, a College must have dignity and mo- 
ments of ceremony. Each of these duties has 
been met and we can take satisfaction in the 


admission standards, the advancement re- 
quirements, and the Convocation Cere- 
monies... we are indeed a College. 


The College has, in May, enjoyed the good 


‘physicians and surgeons of our time. 
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fellowship and stimulation of its Annual Meet- 
ing and Convocation. This ended the tenth 
year of the College and certain events of this 
meeting made one aware of the potentials 
of our organization. These events were, first, 
the total enrollment of 1287 physicians. This 
is a sobering figure... almost 1300 physicians 
chose our Annual Meeting as the forum at 
which they would exchange information. Such 
a figure cannot be ignored... the quality of 
the program represents the honor and the 
responsibility of the College; persistent effort 
and imagination must continue to go into these 
programs. 

The final experience at the May meeting 
which made one aware of the maturity of the 
College was the Convocation. Present here 
as Fellows or being inducted into the College 
was an exciting percentage of the cardiovascular 
Here 
was indeed evidence that the College was 
serving as a gathering place for good fellow- 
ship—and for the identification of excellence. 

E. Grey Diwonp, M.D., F.A.C.C. 
President 
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Excerpts from the Proceedings of the 


Tenth Annual Convocation 
May 19, 1961, Biltmore Hotel, New York, New York 


AWARD OF HONORARY FELLOWSHIP 


Dr. Louis F. Bishop: The chair now recognizes 
Dr. Osler Abbott, immediate Past President of the 
College. 

Dr. Osler A. Abbott: Mr. President, it is my great 
privilege to present to you Isaac Starr of Philadelphia, 
Bachelor of Science, Doctor of Medicine, Hartzell 
Research Professor of Therapeutics of the University 
of Pennsylvania, Consultant to the U.S. Navy and 
Chairman of the National Research Council Commit- 
tee on Drug Addiction, Chairman of the American 
Medical Association’s Council on Drugs, and the re- 
cipient of the U.S. Selective Service medal. 

Dr. Starr was born in 1895 and received his B.S. 
degree from Princeton University, magna cum laude 
in 1916. After receiving his doctorate in medicine 
from the University of Pennsylvania in 1920, he 
became house officer at the Massachusetts General 
Hospital and then returned to his alma mater, the 
University of Pennsylvania, to become an instructor 
in pharmacology; in 1928 he was advanced to the 
rank of assistant professor and then in 1933 became 
the Hartzell Research Professor of Therapeutics, a 
chair which he now holds. Dr. Starr was dean of the 
School of Medicine during the years 1945, 46, °47 
and °48. 

During the Second World War, Dr. Starr served as 
the active chairman on several subcommittees on 
pharmacy, on essential drugs, on medical supplies, 
and on the National Research Council. He took 
part in the investigations in aviation medicine and on 
an antimalarial drug. ~Since the war he has been 
active in the National Research Council’s Committee 
on Narcotics and Drug Addiction, and was chairman 
of the committee for a period of thirteen years. He 
is also interested in problems of alcohol and is a mem- 
ber of the cardiovascular study section of the National 
Institute of Health. For the American Medical 
Association he served as a member in the council of 
drugs since 1945, and since 1960 has been chairman 
of the council; he received the Albert Lasker award 
of the American Heart Association in 1957. 

My candidate, Mr. Chairman, has to his credit 
over ninety publications, largely in the field of the 
diagnosis and therapy of cardiac conditions, periph- 
eral vascular disease, congestive failure and the relief 
of pain. By far his most important work has been his 
study of the ballistocardiograph and his name will 
always be associated with the development of that 
particular diagnostic instrument. He has done ex- 
tensive work in the utility of the ballistocardiogram, 
its relation to the pulse and to aspects of cardiac func- 
tion such as output, work and force. 

Mr. President, for these reasons, for this dedicated 
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researcher, scholar, teacher and inspiring pioneer, the 
Awards Committee has recommended to the Trustees 
and the Trustees have by unanimous vote consented 
that Dr. Isaac Starr be enrolled on the roster of the 
College in a special category, and I now ask you, Mr. 
President, that you confer on Isaac Starr the certificate 
of Honorary Fellowship. 

President Bishop: Welcome, Dr. Starr. I have 
heard: with much interest the citation that Dr. 
Abbott has read, and for the reasons stated therein 
and by virtue of the authority vested in me by the 
charter of our College, I confer upon you the certifi- 
cate of Honorary Fellowship in the American College 
of Cardiology. 


AWARD OF GROEDEL MEDAL 

Dr. Dwight E. Harken: Mr. President, I feel that 
it is an honor as well as a great personal privilege to 
be able to present to you a man whom we have all 
held in great respect and affection for many years, 
William Bennett Bean, Bachelor of Arts, Doctor of 
Medicine, Fellow of the American College of Physi- 
cians, Lt. Col. of the Medical Corps, U.S. Army 
(Retired); Professor of Medicine and head of the 
Department of Internal Medicine, State University 
of Iowa in Iowa City; senior medical consultant, 
Veterans Administration; lecturer, writer, editor, 
medical archivist and historian. 

Dr. Bean was born in 1909 at Manila in the Philip- 
pine Islands. He received his B.A. from the Uni- 
versity of Virginia in 1932, and his doctorate in 
medicine from the same university in 1935. He is 
a Diplomate of the American Board of Internal 
Medicine and of the American Board of Nutrition; 
a member and a fellow of more than thirty medical 
and academic associations, lecturer and visiting pro- 
fessor to a dozen universities; author of four books, 
with a bibliography of publications that contains 239 
titles of the widest possible variety of medical and 
cultural topics. 

Dr. Bean interned at Johns Hopkins Hospital after 
his graduation from the University of Virginia School 
of Medicine; he began a long career of training and 
teaching including posts at the Boston City Hospital, 
Thorndike Memorial Laboratory, Harvard Uni- 
versity and the University of Cincinnati College of 
Medicine where he attained the rank of associate pro- 
fessor. He moved to his present post in lowa in 1948 
where he has been professor and head of the depart- 
ment of internal medicine. During World War II he 
was director of the Armored Medical Research 
Laboratory at Ft. Knox, Kentucky. In addition to 
accomplishing many fundamental pieces of research, 
he has served on the editorial boards of the Cincinnati 
Journal of Medicine, Nutrition Reviews, Journal of 
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Clinical Investigation, and the Journal of Laboratory 
and Clinical Medicine. He is now on the editorial 
board of the A.M.A. Archives of Internal Medicine. 

My candidate, Mr. President, has a quality of gentle 
humor that is rare in a great doctor. He has a gift of 
elegant and succinct expression and the slant of his 
medical thinking can best be set down in his own 
words, which are quoted from a letter that he wrote: 
‘My medical interests are eclectic and universal. 
In addition to cardiology, nutrition and liver disease, 
my favorite hobby is deflating stuffed shirts.” Dr. 
Bean has been known for many years as the defender 
of the painstaking observation, of the unhurried 
effort, of the uncompromising standard of excellence. 
As a critic, he is feared, but as a scholar he is honored. 

Mr. President, the Awards Committee has recom- 
mended and the Trustees have unanimously con- 
curred that William Bennett Bean be awarded the 
Groedel Medal for 1961 and be appointed Groedel 
Lecturer for this convocation. 


President Bishop: ‘Thank you, Dr. Harken. Wel- 
come, Dr. Bean. I bestow on you the highest award 
of the College, the Groedel Medal, and in com- 
pliance with the unanimous vote of the Board of 
Trustees you are hereby appointed Groedel Lecturer 
for this convocation. 


INDUCTION OF NEW PRESIDENT 

President Bishop: It is now my duty to relinquish 
the gavel to Dr. E. Grey Dimond, the President- 
Elect of the College, who has served a strenuous year 
of apprenticeship. He will take the helm of our 
organization for the year of 1961-1962. I wish at 
this time to give my heartfelt thanks to the officers, 
trustees and committee chairmen who have done sc 
much the past year to make my administration a 
pleasant and rewarding experience. 

Ladies and gentlemen, I now present the President 
of the American College of Cardiology, Dr. E. Grey 
Dimond. 


Announcements 


Robert P. Glover Memorial Fund 

When the chapter organization of the 
American College of Cardiology was dis- 
continued, the various chapters throughout the 
country -returned their balance funds to the 
general treasury. ‘This week we have received 
in the Central Office of the College the balance 
of $310.00 which remained in the Pennsylvania 
chapter and there is a request that it become the 
nucleus of an endowment in the name of our 
Past President and Honorary Trustee, Dr. 
Robert P. Glover, the proceeds of the endow- 
ment being used to further the educational 
purposes of the College. 

This wish of the Pennsylvania chapter to 
memorialize one of the most energetic and 
beloved of the builders of the College was 
announced at the Tenth Anniversary Business 
Meeting, and a number of the Fellows came 
forward and expressed a willingness to con- 
tribute to the Glover Memorial Fund so as to 
build it up into the required proportions as 
rapidly as possible. 

Photographs of the Tenth Annual Convention 

Many of the Fellows at the Tenth Annual 
Convention were busy with their cameras and 
flashbulbs, taking candid shots of the various 
activities that were going on. In former years 
some of these candid shots were sent to the 
Central Office and became part of a valuable 
scrap book in our College Archives. It is 
hoped that this year the Central Office will 
again receive a donation of prints of candid 
photographs for our scrap book. The College 


now has an official historian and you may be 
sure that the snapshots will remain in the 
College Office with a notation not only of the 
subjects of the shots themselves but also of the 
donor of the prints. 


Young Investigator’s Award 

At the annual Convocation of the College 
on May 19, 1961 the Young Investigator’s 
Award, consisting of a silver medal, a certificate 
and a prize of $1,000 was presented to J. H. 
Mitchell, m.p., National MHeart Institute, 
Bethesda, Maryland, for his investigation on 
“The Transport Function of the Atrium.” 
Honorable mention, consisting of a $200.00 
prize, was awarded to D. M. Long, Jr., M.p., 
University of Minnesota, Minneapolis, Minne- 
sota, for his investigation on ‘Myocardial 


‘Necrosis and Electrocardiographic Changes 


Related to Microcirculatory Abnormalities.” 
Each of the eight other finalists received $100,00 
as a consolation award. 


Registration at Convention 

The following is a tabulation of the attendance 
at the Tenth Annual Meeting held May 17 to 
20, 1961 in New York City. 


Fellows of the College 506 
Associate Fellows of the College 198 
Nonmember Physicians 583 

Total 1,287 


This does not include wives, exhibitors, medical 
students, technicians and other guests, a total 
of 385. 


THE AMERICAN JOURNAL OF CARDIOLOGY 
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PUBLISHER’S INFORMATION PAGE 


The Editors and Publishers of THE AMERICAN JOURNAL OF CARDIOLOGY welcome 


concise articles on new findingsin cardiology. Asis customary in professional publications, 


statements in articles are the responsibility of the authors; articles must be contributed 
solely to THE AMERICAN JOURNAL OF CARDIOLOGY; material is copyrighted and 


may not be reproduced without permission of the publishers. 


Preparation of Manuscripts 

Authors are requested to follow these instructions 
carefully in preparing manuscripts: Please double 
space with good margins; type on one side of the 
sheet only; make a carbon copy for yourself and send 
the original with one carbon copy to the editor; 
include staff position and connection; list biblio- 
graphic references in chronological order as referred 
to in text at the end of the article (not in footnotes). 
Please make certain each reference contains the 
name of author with initials; title of article; name 
of periodical with volume, page and year. For 
example: Smith, J.S. Treatment of cardiac failure. 
Am. J. Cardiol., 3:274, 1959. 


Preparation of Illustrations 

So that your article will be presented most effec- 
tively, illustrations must be glossy prints or profes- 
sional drawings in black ink (never in blue; it will 
not reproduce well). Reference to all illustrations 
should be inserted in the text in consecutive order. 
Please follow these identification instructions: 
Write the figure number and the author’s name on 


the back of each illustration and indicate the top. 


Type legends for illustrations on a separate sheet 
with numbers corresponding to those on the photo- 
graphs or drawings. Please do not attach legends 
to the pictures. 


A reasonable number of illustrations are supplied free 
of cost; we know the authors will understand that 
special arrangements must be made with the publish- 


ers for excess illustrations and tables. 


Reviews, Abstracts 

Books for review may be sent directly to the Editor, 
Simon Dack, m.p., The American Journal of 
Cardiology, 466 Lexington Avenue, New York 17. 


Permission to abstract must be obtained from the 
publisher. Only paid circulation journals will be 
permitted to abstract. 


Reprints 

Orders for reprints of articles should be sent directly 
to the Publisher, The American Journal of 
Cardiology, 466 Lexington Avenue, New York 17, 
N. Y. Prices are quoted after articles are 
published. 


The American Journal of Cardiology 
466 Lexington Avenue, New York 17, New York 
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NEW BOOKS FOR CARDIOLOGISTS 
PUBLISHED IN THE FIRST 6 MONTHS OF 1961 


[]R. L.  Bernstine—FETAL ELECTRO- 
CARDIOGRAPHY AND ELECTRO- 
ENCEPHALOGRAPHY. Pub. July ’61, 
112 pp., 139 il., $5.50 


[_] Buford H. Burch and Arthur C. Miller— 
SURGICAL DISEASES OF THE LUNG. 
Pub. Feb. ’61, 144 pp. (6°/, x 9%/,), 60 il., 
$8.50 


[_] E. Grey Dimond—THE EXERCISE ELEC- 
TROCARDIOGRAM IN OFFICE PRAC- 
TICE. Pub. July ’61, 180 pp. (10'/. x 8), 
338 il., $10.00 


[_] Carl Hughes and Warner Bowers—TRAU- 
MATIC LESIONS OF PERIPHERAL 
VESSELS. Pub. Feb. ’61, 208 pp., 110 il., 
$8.00 


[_] Vernon M. Ingram—HEMOGLOBIN AND 
ITS ABNORMALITIES. Pub. May ’61, 
168 pp., 93 il. (Amer. Lec. Living Chem- 
istry), $7.50 


[_] Richard J. Jones and Louis Cohen—CHEM- 
ISTRY AND THERAPY OF CHRONIC 
CARDIOVASCULAR DISEASE. Pub. 
May ’61, 216 pp., 63 il. (Amer. Lec. Living 
Chemistry), $7.50 


[] S. D. Larks—FETAL ELECTROCARDI- 
OGRAPHY: The Electrical Activity of 
the Fetal Heart. Pub. Dec. ’60, 128 pp. 
(6'/, x 9*/,), 70 il. (Amer. Lec. Gynecology 
and Obstetrics), $6.50 


[] Esmond R. Long—SELECTED READ- 
INGS IN PATHOLOGY (2nd Ed.). Pub. 
May ’61, 316 pp. (6'/, x 9"/:), 25 il., $8.50 


[_] Richard H. Meade—A HISTORY OF 
THORACIC SURGERY. Pub. Aug. ’61, 
960 pp., 116 il. 


[_] K. Alvin Merendino et al—-PROSTHETIC 
VALVES FOR CARDIAC SURGERY. 
Pub. March ’61, 616 pp., 393 il., $8.25 


[_] Sir George Pickering—THE TREATMENT 
OF HYPERTENSION. Pub. March ’61, 
192 pp., 70 il. (Amer. Lec. Living Chem- 
istry), $7.00 


[] William S. Reveno—711 MEDICAL MAX- 
IMS, Volume II. Pub. April ’61, 176 pp., 
$3.50 


[_] Hans Selye—THE PLURICAUSAL 
CARDIOPATHIES. Pub. June ’61, 464 
pp., 287 il. 


Sigmund A. Wesolowski—EVALUATION 
OF TISSUE AND PROSTHETIC VAS- 
CULAR GRAFTS. Pub. Sept.’61, 224 pp., 
88 il. (Amer. Lec. in Surgery) 


[_] Merle E. White—-AN OUTLINE GUIDE 
FOR THE CARE OF POST-OPERA- 
TIVE CARDIAC PATIENTS. Pub. May 
61, 120 pp., 75 il., $6.00 


[_] Grace Wyshak—CARDIACS AND DIA- 
BETICS IN INDUSTRY. Pub. Aug. ’61, 
272 pp., 36 il. 


[ ] Benjamin W. Zweifach—FUNCTIONAL 
BEHAVIOR OF THE MICROCIRCU- 
LATION. Pub. April ’61, 164 pp., 20 il. 
(Amer. Lec. Physiology), $7.00 


CHARLES C THOMAS « PUBLISHER 


301-327 East 
Lawrence Ave. 
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Rautrax-N lowers high blood pressure gently, gradually ... protects 
against sharp fluctuations in the normal pressure swing. 


Rautrax-N offers all the advantages of Raudixin, with either Raudixin or Naturetin ¢ K. economy — Main- 
Naturetin and potassium chloride in a single dosage tenance dosage of only 1 or 2 tablets daily for most pa- 
form plus: increased efficacy — Combined action of tients. convenience — Once-a-day maintenance dosage. 
Raudixin and Naturetin results in a SS — Two potencies available. 

hypertensive effect greater than that p uced by either Su tablets 50 
drug alone. increased safety — Potentiated action per- 4 mg. Naturetin 400 bon 
mits lower dose of other antihypertensive agents, thus chloride. Rautrax-N Modified — capsule-shaped tablets pro- 
reducing severity of side effects. Protection against pos- viding 50 mg. Raudixin, 2 mg. Naturetin and 400 mg. 
sible potassium depletion. flexibility — Interchangeable i i 


Ba Rautr ax- 


Standardized Who fia Serpentina ( 
id: with Potassium 


*ravoinin’®, ‘rauTRax’® ano “NATURETIN’'® ARE SQUIBB TRADEMARKS 


| limi - blood swing 
limits the pressure swing) 
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Sintrom: for exceptionally steady prothrombin-time response 


brand of acenocoumarol - 


Two established oral anticoagulants. In the treatment of thromboembolic disease, both 
Sintrom and Tromexan reliably bring about hypoprothrombinemic response. 
Distinguished by high potency and its ability to maintain a uniform response with a constant 
single daily dose, Sintrom is particularly suited to long-term therapy. Significantly more 
rapid and transient in action, Tromexan is well adapted to cases calling for more immediate 
control of thrombotic tendencies. 

Full information regarding dosage, side effects, precautions and contraindications available on request. 
Sintrom®, brand of acenocoumarol, is supplied as double-scored tablets of 4 mg. 

Tromexan®, brand of ethyl biscoumacetate, is supplied as single-scored tablets of 150 and 300 mg. H 
Geigy Pharmaceuticals, Division of Geigy Chemical Corporation, Ardsley, New York si/tr-662-61 
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EDITION 


MODERN DRUG ENCYCLOPEDIA, 


8th Edition, an authoritative source of information 
on new and established pharmaceuticals. Gives you 
pertinent facts in concise form. Supplies facts you 
want to know to prescribe the new products with 
confidence. No struggle to keep cumbersome files up 
to date—just one compact bound volume and a 
compact binder for the monthly supplements. 


MODERN DRUG 
ENCYCLOPEDIA 


and Therapeutic Index with monthly supplement MODERN DRUGS 


The only complete reference on new 
as well as established products. 


Quickly answers questions about ethical pharmaceuticals. 


MODERN DRUGS 


A monthly supplement, with Robert S. Goodhart, 
M.D. as supervising editor, and John C. Helenore, 
Ph.G. as technical editor, supplies the same complete 
information on new pharmaceuticals as soon as they 
are available on your prescription. A convenient 
binder keeps the 24 issues together. Cumulative in- 
dices in each issue help you find any product listed in 


previous months. 


ORDER 
YOUR 
MODERN DRUG 
ENCYCLOPEDIA 


PHYSICIAN'S 
REFERENCE 
LIBRARY 

IN ONE VOLUME 
KEPT y 
UP-TO-DATE 
MONTHLY 


The Reuben H. Donnelley Corp., Publisher 
MODERN DRUG ENCYCLOPEDIA 
466 Lexington Avenue, New York 17, N.Y. 


Enclosed is $17.50* for my 8th Edition of MODERN DRUG ENCYCLOPEDIA and 
LJ Therapeutic Index and the Monthly Supplement— MODERN DRUGS. 


[] Enclosed also is $3.50 for binder for MODERN DRUGS Monthly Supplement. 
For delivery in N.Y.C., please include 3% Sales Tax with remittance. 


Name. 


Address. 


City. Zone. State 


U.S.A. $17.50 Foreign $23.50 (U.S. Currency) 
Please make checks payable to The Reuben H. Donnelley Corporation 
*includes 2-year supplementary service at $5.00 per year ($6.00 Foreign) 
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NEW 
ELECTRO-MEDICAL 
PRODUCTS FROM 
WESTINGHOUSE 


Medical electronic products give promise of great 
contributions to the prevention and cure of illness. 
Westinghouse—tong a leader in the manufacture 
of medical x-ray equipment—now expands its 
resources and research in this field. For the first 
time, three important new electro-medical prod- 
ucts are available from Westinghouse to the 
medical profession, to be marketed primarily 
through surgical supply companies. 


CARDIAC RESUSCITATION SYSTEM 


Consisting of Pacer, a transistorized instrument 
that stimulates faltering hearts with continuous 
electrical pulses—and Monitor, which audibly 
detects heartbeat impulses and activates the 
Pacer if a heartbeat becomes irregular or stops— 
plus an external-internal Defibrillator. 


ULTRASONIC CLEANING SYSTEMS 


Super-efficient cleaning of surgical instruments 
and laboratory equipment cuts time and saves 
money. High-power systems provide trouble-free 
operation. 


ULTRAVIOLET LIGHT SYSTEMS 


For germ-free operating rooms. A 24-year con- 
tinuous test in a university hospital operating room 
using Westinghouse U-V equipment reveals 
“staph” infection rate dropped from 11.6% to 
0.24%! 


WESTINGHOUSE ELECTRIC CORP., 2519 WILKENS AVE, 
BALTIMORE 3, MD. 


You can be sure... if it’s 


Westinghouse 


J-08393 


REPRINT ORDER 
FORM 


THE AMERICAN JOURNAL 
OF MEDICINE 
466 Lexington Ave., 
New York 17, N. Y. 


Please send me the following 
reprints from THE AMERICAN 
JOURNAL OF MEDICINE. 


SEMINARS 


Attercy (1956) $2.00 


[_] DiszAsEsOFTHE Pancreas $2.00 
(1956) 


Liver Diszase (1958) $2.00 


Mycortic INFECTIONS $3.00 
(1959) 

PuystoLocy $2.00 
(1950) 


Enclosed is my check 


Name 


Address 


City State 
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CLINICAL | 
OPINION 


CLINICAL 
OPINION | 


FOR ANGINA 


Nitroglycerin is the drug of 
choice for the ACUTE ATTACK 


RDILATE’ 


may well be chosen for 
PROLONGED PROPHYLAXIS 


“...the magnitude of the response to 15 mg. [‘Cardilate’] was 
comparable to that following nitroglycerin. ...The comparatively 
prolonged duration of action of erythrol tetranitrate when given 
sublingually makes it especially valuable for clinical use.” 


“Nitroglycerin and erythrol tetranitrate when administered sub- 
lingually are among the most potent of all prophylactic agents 
available for the treatment of patients with angina pectoris.” 


“Erythrol tetranitrate exhibits an inherent long-acting vasodilat- 
ing effect. Therefore it is the drug of choice in angina pectoris.” 


Erythrol Tetranitrate Sublingual Tablets 


% 2. Russek, H.I.: Circulation 
5 mg., scored da 18:774 (Oct.) 1958. 


15 mg., scored ™ 


3. Hirshleifer, I., et al.: Seien- 
t t bes 
Bottles of 100 tablets. tific Exhibit, A.M.A., Atlantic 


Complete literature available on request. City, N. J., June, 1959. 


Bra BURROUGHS WELLCOME & CO. (U.S.A.) INC., Tuckahoe, New York 
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HONEYWELL... 


Electronic medical 
instrumentation 


Now available from Honeywell —a world leader 
in the field of precision electronic equipment — is a 
complete line of medical instrumentation designed to 
greatly improve your capabilities for measuring and 
recording physiological functions. Currently in produc- 
tion are coordinated systems for the following measure- 
ments: 


Body temperatures ¢ Respiration rate, flow, and vol- 
ume © Chest expansion * Blood dye curve measure- 
ments Phonocardiography (PCG) Pulse rate 
Electromyography (EMG) « Nerve potentials ¢ Elec- 
troencephalography (EEG) ¢ O: content of blood 
(Oximetry) ¢ Skin temperatures ¢ Electrocardiography 
(EKG) ¢ Pressures — stomach, intestinal, muscular, 
‘uterine © Dynamic blood pressures (arterial and ven- 
ous) ¢ Ballistocardiography (BCG). 


When you order a Honeywell Electronic Medical 
System, you get more than just components — you get 
a complete, integrated system, ready to plug in and 
use. In addition, your purchase includes an interest by 
Honeywell which extends beyond the sale to successful 
operation. Honeywell branch offices— from coast to 
coast, across Canada, and around the world —are 
staffed with skilled technicians, equipped to make 
emergency repairs or render periodic service to your 
system. 


For further information and assistance in determining 
which Honeywell Electronic Medical System will best /1 
your requirements, please contact: 


Minneapolis-Honeywell, Heiland Division 
5200 E. Evans Ave., Denver 22, Colorado 


Honeywell 
Medical, Gystius 
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| Advertisers’ Product Index 4 
July, 1961 
: American Cystoscope Makers, Inc. Eli Lilly & Company ae 
4 
. Amfre-Grant, Inc. Merck Sharp & Dohme, Div. Merck & is 
Aqua Mephyton*.................. 24-25 
Avionics Research Products Corporation 
Metroflo System Series 6000........... 22 Minneapolis-Honeywell 
Electronic Medical Equipment......... 40 
d The Birtcher Corporation ing 
Electrocardiograph Phonatrace........ 26 Riker Laboratories, Inc. 
Burroughs Wellcome & Co. (U. S. A.), ae 
Inc. Roche Laboratories, Div. of Hoffmann- 
Cereal Institute, Inc. Sanborn Company 
e 
e Endo Laboratories Schering Corporation aR 
Geigy Company u 
E. R. Squibb & Sons, Div. Mathieson 
Charles C Thomas, Publisher ae 
Mercuhydrin*/Metahydrin*.......... 28 
Walker Laboratories, Inc. 
cc's Third Cover (Continued on next page) 


* Complete description of starred drugs will be found in 
MODERN DRUGS and THE MODERN DRUG ENCYCLOPEDIA 
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Wallace Laboratories 


Warner-Chilcott Laboratories 


Westinghouse Electric Corporation 


Electro-Medical Equipment............ 38 
Winthrop Laboratories 

Wynn Pharmacal Corp. 


* Complete description of starred drugs will be found in 
MODERN DRUGS and THE MODERN DRUG ENCYCLOPEDIA 


ADVERTISING REPRESENTATIVES 


New York Chicago 
P. D. Brewer, R. P. Davis, R. H. Andrew, C. P. Haffner 
L. F. LeJacq, J. S. Richards Telephone WAbash 2-7738 
Telephone ORegon 9-4000 « 

2 
San Francisco *eecat” Los Angeles 


Blanchard-Nichols Associates 
Telephone YUkon 6-6341 


Blanchard-Nichols Associates 
Telephone DUnkirk 8-6134 
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CALMS 


Thanks to your balanced Deprol therapy...his depression has lifted and 
his mood has brightened up — while his anxiety and tension have been 


calmed down. He sleeps better, eats properly, and normal drive and interest 
have replaced his emotional fatigue. 


Brightens up the mood, brings down tension 


Deprol’s balanced action avoids “seesaw” effects 
of energizers and amphetamines. While ener- 
gizers and amphetamines may stimulate the 
patient—they often aggravate anxiety and 
tension. 


And although amphetamine-barbiturate combi- 
nations may counteract excessive stimulation — 
they often deepen depression and emotional 
fatigue. 


These “‘seesaw”’ effects are avoided with Deprol. 
It lifts depression as it calms anxiety —a bal- 
anced action that brightens up the mood, brings 
down tension, and relieves insomnia, anorexia 
and emotional fatigue. 


Acts rapidly — you see improvement in a few 
days. Unlike the delayed action of most other 
antidepressant drugs, which may take two to six 
weeks to bring results, Deprol relieves the 
patient quickly — often within a few days. Thus, 
the expense to the patient of long-term drug 
therapy can be avoided. 


Compatible with therapy for 
physical diseases. Deprol can be 
used safely with specific therapies for 
cardiovascular, G.I. and upper respira- 
tory conditions. It does not cause liver 
toxicity, hypotension or tachycardia. 


Dosage: Usual starting dose is 1 tablet q.i.d. When neces- 
sary, this may be gradually increased up to 3 tablets q.i.d. 
Composition: 1 mg. 2-diethylaminoethy! benzilate hydro- 
chloride (benactyzine HC!) and 400 mg. meprobamate. 
Supplied: Bottles of 50 light-pink, scored toblets. Write 
for literature and samples. 


Wa WALLACE LABORATORIES / Cranbury, N.J. 


CD-4489 
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The experiment* reported here had as its object to 
show effect of various regimens of breakfast and 
mid-morning breaks on maximum work output as 
measured by a bicycle ergometer. Twenty subjects, 
18 to 36 years of age, including both office and 
factory workers participated. The various periods of 
the experiments used for the comparisons were 


as follows: 


Period 1. Basic breakfast without mid-morning break. 
Period 2. No breakfast without mid-morning break. 
Period 3. Basic breakfast with mid-morning break. 
Period 4. No breakfast with mid-morning break. 


“The data seem to justify the following conclusions: 
“All subjects did significantly more work when the 


work 
capacsty 
with 

no 


breakfast 


and a 
mid-morning 


break 


dietary regimen included an adequate breakfast 
than when it was omitted. 


“The addition of a mid-morning break when an 
adequate breakfast was eaten resulted in no advan- 
tage as far as maximum work output was concerned. 
“The addition of a mid-morning break to a dietary 
regimen which omitted breakfast showed a signifi- 
cant advantage for half of the subjects, in maximum 
work output. 

“The data seem to indicate that an adequate 
breakfast is better economy as far as capacity to 
work is concerned than the substitution of a 
mid-morning break for breakfast.” 


*Tuttle, W. W., Herbert, Edward: Work Capacity With No Breakfast 
and a Mid-Morning Break. J. Am. Dietet. A. 137:37, 1960. 


a basic breakfastt used in-this experiment followed this moderate low-fat, well-balanced menu. _ 


FRUIT CEREAL 


BREAD SPREAD 


tA Summary of the Iowa Breakfast Studies, published by Cereal Institute, Inc., May 1, 1957. 


CEREAL INSTITUTE, INC. 
135 South La Salle Street, Chicago 3 


A research and educational endeavor devoted to the betterment of national nutrition 
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If postcoronary management is 
of special interest to you, 
consider the demonstrated value 
of sublingual heparin .. . 


“In a controlled clinical study of 260 postcoronary 
patients, one-half were given sublingual heparin and 
one-half received conventional treatment. During 
the period of observation, averaging more than 2 
years per patient, there were 12 recurrent infarctions 
in the heparin-treated group and 38 in the control 


eroup. This difference is statistically significant.” 


Fuller, H. L.: Angiology 77:200 (June) 1960. 


Simple and safe for long-term therapy, Clarin* (sublingual heparin) effectively con- 
trols the prolonged postprandial lipemia associated with atherosclerosis by facilitating 
the normal physiologic breakdown of fats. Unlike parenteral heparin, the use of Clarin 
requires no clotting-time or prothrombin determinations. The antilipemic activity of 
each manufactured lot of tablets is confirmed by sublingual control tests in animals. 


Indication: For the management of hyperlipemia 
associated with atherosclerosis, especially in the 
postcoronary patient. Dosage: After each meal, 
hold one tablet under the tongue until dissolved. 
Supplied: Bottles of 50 pink, sublingual tablets, 


* 
each containing 1500 I.U. heparin potassium. ge in 


An informative booklet, “Hyperlipemia, Heparin 
and Management of the Postcoronary Patient,” (sublingual heparin potassium, Leeming) 
is available from Thos. Leeming & Co., Inc., 
155 East 44th St., New York 17, N. Y. 


*Registered trade mark. Patent applied for, 
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trouble- free 
for the 
hypertensive patient 


2 tablets 
for the 


at bedtime 
physician 


Eight years of continuous use...some 600,000,000 i 
patient-days of effective, safe therapy with RAUWILOID . 
.».prove enduring patient-acceptance and physician- 3 
satisfaction ... without any revisions of claims, changes of 

dosage, or additional side actions encountered. 


RAUWILOID 
g is an original development of 


Northridge, California 
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